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SUMMARY

This report describes a serial study of auditory
thresholds in children 6 to 17 years of age. These hearing
level thresholds, together with detailed information from
noise exposure, otological, recreational, and medical
histories, data relating to physical size and maturity, and
findings from otological inspections were obtained serially
from a group of Southwestern Ohio children. The major aims
of the study were to determine the variation among children
in their patterns of change in thresholds and to analyze the
relationships between the changes in their thresholds and
possible environmental and biological factors. The present
report includes the design of the study, some analyses of the
data collected early in the study and a brief outline of the
analytic procedures that will be applied when longer sets of
serial data are available.

Satisfactory auditory threshold examinations have been
obtained since 26 January 1976, after some initial
difficulties with audiometric test equipment. Data from 280
audiometric examinations of children are analyzed in this
report. The threshold means of these children are near but
slightly below audiometric zero (ANSI-1969) for the lower
tonal frequencies, but are 2 to 3 decibels higher at
frequencies of 4000 and 6000 Hertz. Older children (12 to 17
years) have lower mean thresholds at all frequencies than the
younger children (6 to 11 years). Perhaps hearing ability
increases slightly with age or perhaps older <children are
more able to perform the testing task. In general, the mean
and median thresholds are 2 to 6 decibels 1lower than those
recorded in U. S. national surveys. There are indications
that some abnormal otological findings are associated with
hearing loss and that auditory thresholds decrease during
adolescence especially in girls. Lateral differences in
thresholds were relatively common and, occasionally, were
large; large lateral differences in threshold increments were
not observed.

Six-monthly increments in thresholds were obtained on
76 children. The threshold increments are distributed
normally with means of 2zero at the 1lower frequencies.
However, at 4000 and 6000 Hertz, the increments are
significantly different from zero in the direction of poorer
hearing. This effect is most evident in the older children,
although their overall mean thresholds are lower. This is in
general agreement with the view that noise . is an important
determinant of the auditory thresholds of children. The data
indicate that girls have slightly lower mean thresholds than
boys which may reflect behavioural differences; boys have
more noise exposure than girls.
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Quantitative scores have been derived from total noise
exposure histories and interval noise exposure histories.
The total noise exposure histories refer to the period
preceding the time when each history was taken; the interval
noise exposure histories relate to noise exposure since the
previous record (either a noise exposure history or an
interval noise exposure history) was obtained. There is an
increase in total noise exposure (all sources combined) with
age. This change with age is more pronounced in boys. The
thresholds decrease significantly with age whether levels or
increments are considered. There appear to be some
associations between otological abnormalities and auditory
threshold increases over six-month periods. The associations
between noise scores and threshold levels are not significant
although some trends are present. While there were no
statistically significant changes in mean auditory
thresholds, participant groups reporting exposure to loud TV,
loud stereo, hi-fi or radio, loud vehicles, power tools,
being near or wusing farm machinery and playing amplified
musical instruments all had slightly higher mean thresholds
than the groups of participants not reporting such exposures.
Farm machinery and amplified musical instruments demonstrated
the strongest trends and certainly all these categories need
further investigation.

There is suggestive evidence that rate of maturing is
associated with auditory thresholds such that rapid
maturation, especially in girls, 1is associated with lower
thresholds (better hearing). Stature was associated with
thresholds in a similar fashion, i.e., taller children within
the same age and sex group tend to have lower thresholds.
These effects are interrelated because rapidly maturing
children tend to be tall.

A library of computer programs for the analysis of data
from auditory threshold examinations, noise exposure
questionnaires, medical histories, and growth and maturation
assessments has been developed. This will be used as further
data are recorded and it will be expanded, in particular to
allow the analysis of serial changes by curve fitting
techniques.

There are no previous studies of children dealing with
auditory thresholds, possible environmental factors and
possible biological factors that could affect these
thresholds. Yet such studies are necessary to determine
whether the changes in thresholds observed in cross-~sectional
data are due to marked changes in a sub-sample of children or
changes that occur in all children. The information
resulting from the study in relation to the effects of
environmental noise on the hearing levels of children and
youth will be of great value to the Environmental Protection
Agency and the USAF,




This study aims to determine the changes in auditory
patterns in children as they become older and to relate these
patterns to environmental and developmental changes. Clearly
the study design is appropriate for this aim and it has a
great potential to determine the relationships between
thresholds, noise exposure and strictly biological variables.
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INTRODUCTION

While environmental noise can adversely affect people

. of all ages, children as a group may require special

consideration. One reason for such consideration is the

possibility that children are more susceptible to a loss of

hearing ability as a result of noise exposure than adults.

Another reason is that children, at various times, may be

exposed to certain types of noise that may not be recognized

as possibly influencing hearing. The noise exposure of a

: pre-school child who lives next to a busy freeway and who
j plays outside often, is an example.

| Furthermore, the effect of any significant hearing loss
k on a child may be more severe than on an adult from the point
- of view of causing a learning disability. Good hearing is
necessary for 1learning and communication, especially in
childhood when speech abilities and listening strategies are
less well developed than in adulthood. But even if a hearing
! loss did not 1lead to learning disabilities, any permanent
' change in the hearing ability of a child can be considered
more significant than a similar change in an adult simply
because the child can be expected to live longer. Despite
all +this, there have not been any effective studies of
hearing 1loss in children in relation to environmental
factors.

The determination of serial auditory thresholds in the
same children, as they relate to other information such as
health history, noise exposure history and maturity, is
important if proper and timely decisions are to be made with
respect to the control of various sources of environmental
noise. Currently, it is assumed, in most analyses of
environmental noise impact, that occupational noise exposure
1 data from an industrial situation can be applied directly to
' estimate the effects of noise on children. The wvalidity of
this assumption has not been demonstrated.

e e i s

Auditory thresholds in children are very likely to be
correlated with the auditory thresholds in the same
individuals when adult, although relevant data have not been
reported. A convincing AJdemonstration of this requires
recording multiple serial auditory thresholds in the same
individuals; data at two points in time yielding a single

increment for each child are unlikely to provide a convincing
[ answer. Understanding of the factors that influence hearing
t levels during childhood prior to any changes due to

occupational noise exposure will allow better understanding

of the significance of the changes in hearing thresholds due

to occupational noise exposure. 1In turn, this should lead to

appropriate regulations in regard to important sources of
noise, e.g., lawnmowers,




One might ask at this time, "How do we even know if
there is a noise exposure problem with children?" Perhaps the
best circumstantial evidence of such a problem is the data
from the Public Health Surveys conducted by the National
Center for Health Statistics (Roberts and Huber, 1970; Glorig
and Roberts, 1965). These surveys show that at 4000 Hz there
is no practical difference between the hearing levels of boys
and girls at age 11, but by the age of 18-24 years there is a
definite worsening in the hearing levels of men while those
of women remain unchanged. In fact, one can describe this
difference in the statistical distributions of hearing levels
at 3000 Hz and 4000 Hz between adult men and women by stating
that, in respect of hearing levels, the 20 year old men have
aged about 20 additional years. In other words, the
statistical distribution of hearing for 40 year old women is
approximately the same as that for 20 year old men. There is
no corresponding effect for the audiometric frequency of 1000
Hz.

It should be recalled that these National Surveys were
cross-sectional. While they provide excellent sets of
national reference data, they cannot provide any information
about changes in individuals. This sex difference requires
further documentation, the distribution of changes within
individuals must be established and these changes must be
related to possible causal factors both environmental and
biological. Potential biological factors include previous
illnesses, body size and rate of maturation.

An unresolved question 1is, "Why does this difference
between men and women at 3000 Hz and 4000 Hz occur?" Possibly
noise exposure is greater for teenage boys than for girls,
but proof is lacking. However, other possible factors might
account for the difference in whole or in part. There could
be sex differences 1in susceptibility to noise, or sex
differences in the way in which normal hearing develops
irrespective of noise exposure. Furthermore, health related
factors could influence the distribution of hearing
thresholds at the age of 18 years. It was to answer such
questions that this study was started. From the occupational
noise exposure data as well as laboratory studies, it is
known that the auditory frequencies from 3000 Hz to 6000 Hz
are the most susceptible to typical environmental noise.
While the maximum levels of exposure that are acceptable for
adults are at least tentatively established, there are no
existing data on which corresponding 1levels for children
could be based.

This initial report is the first step in obtaining
some, but not all, of the answers needed. The audiometric
data have not been recorded over a long enough time span to
be of a truly longitudinal nature since at the most only 2 or
3 audiograms have been obtained for any one participant.
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Consequently, the data currently available are inadequate for
detailed analysis of individual variations in susceptibility
to various environmental factors such as noise. Likewise,
the development of individual hearing threshold patterns
cannot be assessed without more serial data points.

This report provides a cross-sectional data base
together with analyses based on increments. Auditory
thresholds of the population studied are related to data from
detailed total noise exposure histories (total exposure to
time of record), interval noise exposure histories (noise
exposure since the previous history was obtained; usually a
6-month period), health histories, otological inspections,
anthropometric examinations and assessments of maturity. The
auditory threshold levels found in the present study are
compared with those reported by others. These analyses are
sufficient to indicate that when more data become available
as the study continues, and when curve fitting techniques are
applied to longer runs of serial data, it is reasonable to
expect that a significant contribution will be made to
understanding the development of hearing and the gquantitative
effects of environmental noise on the auditory thresholds of
children.




BACKGROUND

HEARING ABILITY IN CHILDREN

Jordan and Fagles (1963) studied 4078 school <children
who were broadly representative of all school <children of
that age in the Pittsburgh area, except that non-whites were

somewhat over-represented. In this group, the median
thresholds were lower than the 1951 American Standard
Audiometric Zero especially at low frequencies. However,
when adjusted using ANSI-1969 standards the median threshold
values are all well above zero (Table 1l). There were only
slight differences in thresholds between whites and
non-whites, and between boys and girls. There was an

increase in hearing acuity to about 12 years, after which the
cross-sectional data show a loss in hearing acuity. This
change occurred about one year earlier in girls than boys,
indicating that the rate of maturation might be involved
directly or indirectly. There was an elevation of auditory
thresholds in those with pathological tympanic membranes.
Jordan and Fagles did not attempt to establish any
relationships between auditory threshold 1levels and noise
exposure.

Ciocco and Palmer (1941) conducted a large scale
investigation of school <children (N = 13,982) in Washington,
D.C. Unfortunately, most of their observations were made
using a phonographic audiometer to test the hearing akility
of the children, in groups of about forty. There is ample
evidence that this procedure lacks specificity and
sensitivity, and that it is unreliable (Fowler and Fletcher,
1926, 1928; Rodin, 1927, 1930; Laurer, 1928; Burnap, 1929;
Freund, 1932; Rowe and Drury, 1932; Partridge and MacLean,
1933; Rossell, 1933). Ciocco and Palmer (1941) did, however,
obtain air conduction thresholds for about 1400 of their
group (700 with hearing losses and 700 normal on testing with
the phonographic audiometer). Also, they retested some
children after intervals of 3 and 5 vyears. They did not
report distribution statistics for thresholds but classified
the audiograms into groups. A loss at high frequencies was
common and often bilateral. Abnormal records were more
common at older ages, and more common in boys than girls for
high frequencies.

Roberts and Huber (1970) reported population estimates
for auditory threshold 1levels in the United States for
children aged 6-11 years. The data were obtained by
individual air conduction testing with pure-tone audiometers.
The data were reported with reference to the 1951 American
Standard Audiometric Zero; in the present review, they have
been adjusted to compensate for the differences between this
standard and ANSI-1969. The adjustment factors used are
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TABLE L. MEDIAN THFRISGUILODS (DB)

IN RELATION TG AMERTCAN STANDARD

AUDIOMETRIC ZERC vOFE ChILDREN

AGED 5-14 YEAKS (JORDAN AND
EAGLES, 1963).

FREQULNCY RIGHT TLL&PT

500 7.1 7.1
1000 4.4 A4
2000 2.6 5.3
4000 1.6 20
5000 38 8.8

given in Table 2. The median tbreshciis rerorted by Yoberts
and Huber (1970) are very close to those from the Piitsburah
study of Jordan and Eaglis (19632 . In those  cross-sectional
data, there is a fall in avditcry +vhresi . 1ds  with increasing
age during the age ranqge €-11  <=vs, ¢specially at lower
frequencies (Roberts and Huber, 1970). This rmray reflect
differences in attention or the it ¢ trne car phones rather
than auditory function.

17}

Roberts and Ahuia (19795 roparted corvesponding
national estimates for auditory thresholds in United States
youths aged 12-17 vyears. Using the ANST-1969 set of zero
values, substantially 1less than half  the youths have
thresholds below zerc; only at 1060 ard 2300 btertz dc shout
half the youths reach this leval. The thresholds increase
with frequency; this increase is rarid irn the 2000 to 6000
Hertz range. In youths aged 12 te 17 <ears, the median
thresholds show little change with aqo 11 aqgirvls, In bovys,
however, there are graducl decrcases, particnlarly at 6000
Hertz (Roberts and Ahuja, 1973). It sheuld be ncoted that, as
in the survey of 6-11 vear olds (Fckerts and Huber, 1970),
these observations were nade using avdiowcters calibrated in
5 decibel steps.
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TABLE 3. MEDIAN THRESHOLDS,
R ADJUSTED TO ANSI-1969, FOR
ADULTS AGED 18-24 YEARS
(GLORIG AND ROBERTS, 1965)
RIGHT EAR ONLY

FREQUENCY MEN WOMEN

500 + 8.0 + 7.0
1000 + 5.0 + 4.0 1
2000 + 8.5 + 5.5
4000 + 8.0 + 4.0
6000 +17.5 +12.5

RACE

Roberts (1972) reported that white children, aged 6-11
years, have 1lower thresholds than Negro children at
' frequencies of 1000, 2000 and 4000 Hertz. At lower and
higher frequencies Negro children have slightly lower
thresholds than the whites.

Roberts and Ahuja (1975) in a national survey of youth b
aged 12-17 years reported that white youths have 1lower b
: thresholds than Negro youths at frequencies of 1000, 2000 and 3
: 4000 Hertz, but not at 500 and 6000 Hertz; these differences '
are small (0.6 to 1.4 decibels) but all are statistically
significant, except that at 500 Hertz.

DEMOGRAPHIC CHARACTERISTICS

Roberts and Ahuja (1975) found no consistent pattern of
differences in auditory thresholds dependent upon size of
place of residence. The thresholds tend to be higher in the .
low income groups and in those groups with 1low 1levels of E

parental education. Similar findings were obtained in the
other surveys of children and adults (Roberts and Huber, 3
1970;: Glorig and Roberts, 1972). 4
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Roberts (1972) reported that, in children aged 6-11
yvears, hearing sensitivity ter-'s to increcase with family

income and with parental «¢ucation. In addition, she
reported that the associaticns between auditory thresholds
and size of place of residence are not significant

statistically in this age range.

Preschool children from lewer socioceconomic groups
make more crrors in auditory discrimination tests than more
vrivileved children even after the effects of chronological
ace and intelliacence guotient are partialled out (Clark and
Richards, 19€6). The possible factors (e.g., 1illness,
rutrition, motivation) were not elucidated.

CTOLOCICAL EXAMINATION

Roberts and Federico (1972) reported data concerning
the prevalence of ear, nose and throat abnormalities and
their relationship to hearing threshold levels and medical
cevents. The data were obtained from 2 national probability
sanple of 7119 children and were wecichted to obtain national
estimates for the United States. The prevalence of
abnormalities was obtained by averaaging the prevalence for
the two sides. The external auditory meatus was completely
cccluded in 7.2 percent, the drum was not visible in 10
percent, it was dull in 5.7 vercent, bulaing in 0.3 percent,
red in 1.2 percent and rerforated in 0.4 percent of ears.
These authors reported higher thresholds in children with a
history of earache (difference from normal about 1.5
decibels), in those with perforated drums (difference about
2 decibels), in those with running ears (difference about
1.5 decibels) and in those with abnormal or red drums
(difference about 3 decibels). Others (Ciocco and Palmer,
19241; Jordan and Fagles, 1963) have reported that when the
tvmpanic membrane is abnormal on e¢xamination the auditory
thresholds tend to be higher by 2 to 3 decibels and, if it
is perforated, the auditory thresholds are from 12 to 15
decibels higher.

Ciocco and Palmer (1941) showed that serial changes in
threshclds are related to the later but not the earlier
state of the tynpanic membrare and that this relationship
occurred at medium frequencies only.

LATERAL DIFFEPRENCES

Jordan and Faqgles (1963) and Ciocco and Palmer (1941)
reported a lack of systeratic latecral differences ir
auditory threshcolds. Glorig and btis co-workers (1957)
reported, however, that the richt ear thresholds were lower
in boys at most frequencies although «airls had lower
thresholds at the hicher frecuencies. Tnobkerts and IHuber

(1970) found no tendency for . particular side to be the
better in children aged 6-11 vears. They did fird the
magnitude of lateral differcices increased with the

frequency of the tore.
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The lateral differences found in 12-17 year olds in the
survey of Roberts and Ahuja (1975) also increase at higher
frequencies. The differences are larger than those found in
corresponding studies of United States children aged 6-11
years (Roberts and Huber, 1970) and adults (Glorig and
Roberts, 1965). Furthermore, in 12-17 year olds, the left
ear tends to have poorer hearing; there was no trend to
non-fluctuating lateral differences among the 6-11 year olds
but there was a similar pattern among the adults included in
the other national surveys (Glorig and Roberts, 1965; Roberts
and Huber, 1970).

AUDITORY THRESHOLDS AND NOISE

It has been suggested that permanent changes in
thresholds due to noise are noted first in boys aged 16 to 18
years and that firearms and farm machinery are the usual
sources (Weber et al., 1967; Litke, 1971).

Although it has been suggested that children are more
susceptible than adults to temporary threshold shifts at the
same frequency as a tone presented at 100 decibels, the data
are 1inconclusive, in part, because the thresholds have been
tested too soon after the stimulus (Hirsh and Bilger, 1955;
Harris, 1967; Fior, 1972). There is experimental evidence,
however, that exposure to loud noises causes more
histological damage in young than in adult guinea pigs
(Jauhiainen et al., 1972) and that kittens lose more
sensitivity than cats when exposed to intense sound (Price,
1976) . Temporary threshold shifts in humans, as a result of
playing with toy cap guns have been reported (Marshall and
Brandt, 1974).

Cohen et al. (1973) reported a correlational study of
children living in apartments. The analyses were based on
floor level (which had rather high negative correlations with
noise) and subsets of intelligence tests. The coefficients
were positive, large and significant in those 1living in the
apartment 4 years or longer; they were not significant for
those living in the apartment 3 years or less. Floor levels
were correlated significantly with auditory discrimination
also. Data from other groups divided by residence were
analyzed also. A stepwise regression in those who had been in
the apartment 4 years or more showed floor level was more
important in regard to auditory discrimination than father's
education, number of children in the family or grade level.
The authors concluded that the duration of residence in the
apartment and therefore the duration of the noise was related
to the impairment of auditory discrimination and that this
led to learning handicaps.

This conclusion may be correct, but one cannot be sure
in the absence of serial data. One question in particular
remains unanswered: did the <children differ in hearing
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ability before they came to live in the apartment house? As
pointed out by Mills (1975), the correlation between hallway
noise near windows overlooking an expressway was high but
that between expressway noise 1level and the noise levels
within the apartments was considerably lower. Furthermore,
it is unreasonable to assume that the total noise exposure of
the children occurred within the apartment building.

SERIAL FINDINGS

Ciocco and Palmer (1941) reported findings for school
children reexamined for pure tone air conduction thresholds
after intervals of 3.5 (N = 543) and 5 vyears (N = 552).
About half of each group had been selected as having a
probable hearing loss, and about half as being normal after
group testing with a phonographic audiometer. There were
marked differences between pairs of records; for example, 90
percent of the pairs separated by 3.5 years differed by 5
decibels or more. The changes tended to be greater at high
frequencies and similar in each ear.

HEARING AIDS

Powerful hearing aids may produce marked threshold
shifts in the direction of hearing loss in children (Kinney,
1961; Macrae and Farrant, 1965; Macrae, 1968, 1968a; Roberts,
1970). This may be related to the cause of the hearing loss.
It has been reported that 1losses are greater in the aided
ears of children with deafness due to meningitis but not in
those in whom the deafness is due +to maternal rubella or
perinatal causes (Barr and Wedenberg, 1965).

RELIABILITY

Jordan and Eagles (1963) reported mean interobserver
differences of 1.3 to 8.8 decibels with the larger
differences tending to occur at the lower frequencies. The
audiometers used were graduated in 5 decibel steps.
SUMMATION

Consideration of the available literature relating to
thresholds in children indicates that:

-- hearing acuity tends to increase wuntil 12 years;
later there is a loss in boys but little change in girls,

-- sex differences in the thresholds are slight to 12
years,

-- auditory thresholds are higher in those with
abnormal tympanic membranes,
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-- from 6 to 17 vyears, white children have lower
thresholds than black children at 1000, 2000 and 4000 Hz. At
lower and higher frequencies the differences are in the
opposite direction and most are not signficant,

-- auditory thresholds are wunrelated to the size of
place of residence and they are higher in low income groups,

-- thresholds are higher in children with abnormal
tympanic membranes or a history of earache,

-- lateral differences tend to increase with age;
hearing ability tends to be poorer in the left ear,

-- data relating auditory thresholds to noise exposure
are sparse but temporary shifts do occur,

-- serial findings are scarce. Apparently, rapid
changes are common, particularly at higher frequencies.
Threshold changes are related to the later but not the
earlier state of the tympanic membrane, and

-- powerful hearing aids can cause a loss of hearing
acuity.

Because so little is known (many of the above
statements being tentative), it was considered essential that
auditory thresholds be studied in children in relation to the
factors 1likely to be associated with them, in particular
environmental noise. There are no satisfactory studies of
hearing 1loss as a function of age before 16 years, the
factors responsible for the development of a sex difference
in these levels after 12 years are unknown (it is not even
clear whether there factors are biological or environmental)
and, finally, it is not known to what level of noise children
can be exposed without increases in hearing thresholds.
These questions will remain unanswered until there is a
serial study based on appropriate types of data collected at
many examinations over a sufficient time span. It was with
this attitude that the present study was planned. The report
describes the design of the study and analyses of some early
data. A start has been made but 1longer serial records are
needed before longitudinal analyses will be possible.
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SAMPLE AND METHODS

SAMPLE

Two groups of children each approximately equally
divided by sex, are being studied. The majority (M = 177)
are participants in the Fels Longitudinal Study who were aged
between 4 and 18 years at their first audiometric
examination. Due to the expectation that auditory changes
within individual children might be more marked during
pubescence and early adolescence, it was decided that a group
of middle school students from Yellow Springs would be
enrolled to increase the sample sizes at these ages.
Consequently, 47 children aged 12.5 to 13.5 years at the
commencement of the study were enrolled. The total study
population is 224.

The participants in the Fels Longitudinal Study live in
Southwestern Chio and were born between 1928 and 1972. They
were enrolled before birth at the rate of about 15 per year.
Their homes are within 30 miles of Yellow Springs, about 35
percent living in cities of medium size (population
30,000-60,000), about half in small towns (population
500~5,000) and the remainder on farms. The educational and
occupatignal patterns for these three groups do not follow
the usual urban-rural differences. About 15 percent of the
fathers are professionals or major executives, 35 percent are
businessmen, 35 percent are tradesmen or white collar workers
and the remaining 15 percent are skilled or semiskilled
laborers. About 60 percent of the parents attended a year or
more of college and about 60 percent of them were born in
Ohio. 1In general, they were of middle socioeconomic level.
These children were enrolled in utero. Commencing in 1929,
about 15 children joined the study each vyear. The middle
school children were reasonably representative of the Yellow
Springs community; in general they tended to be of middle
socioeconomic status. The children in each qgroup were
"normal” in the sense that they were not selected because of
the presence of any recognized disease or disorder.

Approval was obtained from the Fels Institutional
Review Board (8 August 1975) 1in regard to the protection of
human subjects. In accordance with Institute rpolicy, this
approval has been renewed annually. The families of Fels
participants were informed of the study in a Newsletter on 1
October 1975.

In September, 1975, The superintendent of the Yellow
Springs schools, and subsequently the Board of Fducation
approved our contacting their pupils through t%e school
system. Messages to be taken home were distributed by the
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teachers to the 20 c¢hildre Le 205
years. Signed permigsicy g the
parents of 22 boys and 25 S L re

black. It was conzsidcred
permission was obtained b
long-term cocperation wou
participants.

é."'"“f'i‘ e '. ‘4“ C)f

DATA COLLECTED PREVIOUSLY

The children in fthe Foels Longico. .
enrolled into the program pranctails. L
serially, and continue to be resorded, at vl
visits that are fixed in timing and ~ve
illness experiences of the c¢hildren.
scheduled for 1, 3, 6, 9. Wi 12 months and
18 years after which they are made apmusliy
boys and 22 years in girls. When ihe
Fels, radiographs of t left hand are o
assessment of skeletal maturit : {
anthropometric dimersions a ke
history is obtained. Until mid-137%, .
examination was made at cach visite Lhis hos
an interval medical historv cccompantad ;

W
-~

blood pressure and pulse rote. 3s & reoult
procedures, there g a wvery lavge hodw
concurrent data available for thess Fels oo

relevant to auditory thresholds,
EQUIPMENT

An audiometric booth (Traocoy REP1LA2EY wish w0 Cov in

the door and an electrvical harns Vs i iy
1
A

Dot it Uhe Fels

Research Institute 1n mid-Iuly . Snal lime L 5i0ng
are 6'4" x €'0" x 6'6" (193.0 TTLR v 900 sy T nesge
reduction is 44 to %Y decihols ot 4 RN w ¢ ATRSES

tested. The booth hag bheesn ploaced in oo oo o e o oot

the building and decorated with orirmal oot s o 1 won L
be more attractive for vounco Cm ey : o

intercommunication sy:stemn wie sapyil : oy
Fels staff memkbers were tvained 1. R R AF 3
Wright-Patterson Air Force Lasc. T vho

staff members were trained and all fxve Coaane oo To o
the administration of the deitailied cusstions

There weve problers with Eho orrusme st : P Iy
the patch panel of the Lhocilhy,  mec sz i Eob e 0 s e i

T £

work by the supp’ ier. Aftor this oot T N R AR e

began using I':ls  emprlovors a2t . P s
trial testing, it was dinecocered S S
unsatisfactory even ~nen Lo oottt . e ST,
This lad to further + stair o oo IR I EENYEE i 5
was found to  he st Ui1 o Do e b . SO




returered toe 2

ttend to lhivs but did oreot reotify #1100 i
problems, Furthery  trests of  cacipmont wore made I
Wright-Pattersen personnel ard  while rroblems  warc
corrected, oOothers remained. These  eqguipment problaoms arc
very aimilar ta  those encountered ry  Jordan and Faclee

(17262) . Finally, the auafiormeter (Txstein Prothers, Model
EB-50UM) wns  returned to the facto:; and terporarily replaced
3y an avtematico avdgcmcte" (Crayscrn-Stadler, Model 17G3) that
w2s used from 8 NRecormher 1975 to 26 Janunry 1976, a2t whizh
time the autcmatic audiometer was raplaced by a
vruyCHn—CtJdlpr Avdiometar, M-odel 1707, which is calibrated
in 2 deribel intervats.

The Jatter menual wmachine ard the asscciated eguipment
kave pertfeormed in e completely satisfactory manvey. There
have not bheen any equipment problewmg since 2€ dapuary 1976,
FTauipment calikration is performad  3-monthly, in additicn to

binlogical checking each time it is used. There arc
considerable doubts &abouvt the accuracy of the auditery
thresholds recorded before 2€  Jaruvary 1976 hecause of
changing an? malfunctioning eguipment. The oither Jata
(cuesticnnaires, h*:t“rie°, otolocical  inspection, size,
maturity), recorded hefcocre 26 Januery 197€, were, of rourse,
not influenced bv Lhese carly cyuipnont difficultios,

Therefore, for the integrity of the srudy, »rly those
threshold data cellected on or after 270 Janwary 1974 are
Leing used for analyses.

TESTING PROCEDURES

gical TInspection -~ Imncdiately before

[ 1uditur3 threshold lewvels are assesgsed, cag
u i

i

L

parflc an
tragus, mea

T

[

us, and ear drwnr is eyarmived by one of ot

starts that have been trained o do this woerk
g are roecerdedc orn the "Auditory Thresheld Ie\
thAppendis L) .

Thresholds -~ Threshelds are tested in the order 10090,
2000, TE000,7€6€800, 1000, S00 Hertz with the right ear first.
All intensities are rmeasured relative v AMST - 196%
avdiometric 72ro0. Trn  the aralysie of data, the sccend value
2t 1900 Hertz is being used.

The tosting iz deone by one oabhserver at >ach

cxaminatinn, with clhservers assigned rondonly.  The thveshold
is chbtained at each frequency by beginning at a  low  sound
intersity and  increasing the intorsity un!il the particivant

signals that he has heard the tone.  The ot tenuaticon is then
increased Yy 10 decibels and decreased iy C decitels with
small increases and decreases to  deliveont: the {breshold ae
sccuratel,  as possible. This g repcaiel three rinmes for

thh twnc in coch ear




The thresholds are also recorded on the "Auditory
Threshold Level Recording Form" (Appendix A). Comments about
the continuity and completeness of testing and the nature of
the responses by the participant are recorded both in general
and for each frequency.

Questionnaires - A set of very detailed questionnaires
has been developed to ascertain the level of noise exposure.
The data obtained using these questionnaires allow an
analysis of the relationships between auditory thresholds and
environmental factors.

There are two very similar questionnaires:

(i) "The Biographical, Noise Exposure and Otological
History" (Appendix B) was administered to each participant at
the first audiometric examination.

The data obtained by means of this gquestionnaire
concern: personal identification, family structure and
occupations, recreational activities, work activities, noise
exposure history (guns, toys, hobbies, mechanical equipment,
place of residence, TV, music) and an otological history
(family and personal information concerning hearing 1loss,
previous testing, infections, discharge, tinnitus). This
noise exposure history is used to obtain a quantitative noise
exposure score for each individual for his lifetime prior to
the first examination.

(ii) The "Interval Audiometry Questionnaire"
(Appendix C) is very similar to the otological history part
of the preceding questionnaire, and is administered at the
second and subsequent audiometric examinations. It contains
questions relating to change of address, noise exposure,
otological history, changes in general health and the
possible occurrence of menarche since the previous visit.
The figures written beside the coding squares on this
questionnaire are the revised weightings being applied in the
computation of the noise scores. The interval noise exposure
questionnaire is used to obtain a total roise exposure score
for each individual for the 6-month interval prior to
testing. 1In addition, the data are used to obtain an event
score, a chain saw score, and a gun score (Appendix D).
These scores are obtained to identify those individuals most
likely to have been injured by noise exposure.

Other Procedural Aspects - These include:

(i) A visit for audiometric testing alone requires the
participant to be in the Institute for about 50 minutes.
Because of the large amount of data that has to be obtained
from each participant, both for this study and for others,
some additional visits specifically for the audiometric study
have become necessary.
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(ii) Skeletal maturity assessments (Greulich and
Pyle, 1959; median of bone-specific skeletal ages:;
interpolating between standards to the nearest 3 months when
this appears appropriate) have been made for boys and girls
in the Fels Longitudinal Study. These assessments are not
made for the middle school participants.

(iii) The stature of each Fels participant is
recorded to the nearest millimeter at each examination using
a Harpenden anthropometer.

(iv) Some <children with a marked hearing loss have
been identified and referred to appropriate physicians.
Their problems are described under "Hearing Problems" in the
RESULTS section.

RELIABILITY

The otological history for the Fels participants is
highly reliable because these data have been obtained
6-monthly since birth. There 1is evidence that histories
obtained over 1long intervals may be less reliable (Ciocco
and Palmer, 1941). 1Inter- and intra-observer differences
have been obtained for thresholds determined on Fels staff.
With the present audiometer these differences are small for
all frequencies and compare favorably with those reported by
Jordan and Eagles (1963) (Table 4).

The stature measurements are highly accurate (mean
interobserver difference 0.3 cm, s.d. 0.15 cm, N = 420;
Roche and Davila, 1972). Technicians assessing skeletal
maturity have been trained using a system shown to be
satisfactory (Roche et al., 1970) and have reached levels of
accuracy egqual to, or better than, those reported by
experienced research workers and pediatric roentgenologists
(Johnston et al., 1973).

PROGRAMMING

Much more computer programming has been necessary than
originally envisioned. In part, this has resulted from
changes in the computer facility at The Fels Research
Institute and, in part, from the analysis of the elaborate
questionnaires. The programs that are available are:

AUDIO -- From user-supplied specifications, this
program selects a subsample of all
audiometric examinations and computes the
following:

Lent ool es ot




TABLE

4

INTRAOBSERVER DIFFERENCES

(N = 7 for each observer)
(Left ear only)

Observer 1

Observer 2

Frequency mean s.d.
500 2,53 1.94
1000 3.27 2.33
1000 4.41 2.92
2000 1.47 0.85
4000 2.94 2.05
6000 2.86 2.54
means 2.91 2,10

500 3.27 2.95




-- A 1listing of data for each examination
sorted by participant identification number
and examination date. The listing includes
ID#, examination date, birth date, age,
sex, examiner, all otological examination
comment codes, and, at each tonal frequency
for right, left, and better ear, as well as
the lateral difference, auditory threshold
levels and/or increments.

~- For each tonal frequency in each ear, a
frequency distribution including the level
of attenuation, number of individuals, and
proportion of the total at that level.

-- For each tonal frequency, general
distribution statistics of thresholds
and/or increments in right, left, better
ear and lateral differences. These
statistics include sample size, mean,
standard deviation, gamma one measure of
skewness, the significance level of the t
value for gamma one, gamma two, measure of
kurtosis, and the significance level of the
t value for gamma two.

-~ For each tonal frequency, maximum,
minimum, and 10th, 25th, 50th, 75th, and
90th percentiles of right, left, better ear
and lateral differences.

-- Prevalence table of the scores from the
physical ear examination and general
comments, separated by ear and by sex.

SRTA -- This program separates noise questionnaire

AUDREAL --

data into history and interval files by sex
in preparation for AUDREAL.

This program operates on data from

noise exposure questionnaires. It checks
all input data for logical inconsistencies
or errors and lists any invalid data by ID
number and visit date. From user supplied
specifications and options the program will
calculate from either history or interval
data, the following:

-- a separate noise score for each question
according to assigned weightings,

-- total noise score, events score, gqun
score and chain saw score,
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] - frequency distributions for each
question score and for the total scores,
and

-- an output file of all computed scores by
individual. This file is used as input for
other programs.

DUMP -- This program makes line printer copy of
any output file from AUDREAL. The AUDREAL
record is too large to use a conventional
system utility command.

SRTSCORE -- This program uses output files from
AUDREAL. Its purpose is to generate
appropriate input files for our general
purpose descriptive statistics program,
DISTAT. Utilizing user specified options,
the following may be done:

-- grouping by sex,

-- grouping by age,

-~ missing data codes verified, and

-- selected questionnaire items omitted.

DISTAT -- This general purpose program computes

descriptive statistics for any series of

' input variables. The statistics computed
include: sample size, mean, standard :
deviation, gamma one measure of skewness, t ;
value for gamma one, gamma two, measure of '
kurtosis, and t value for gamma two, [
maximum, minimum, and 10th, 25th, 50th,
75th and 90th percentiles. These
statistics can be computed for any age and
sex category at the option of the user.

SPFEED -- This program prepares an input file and
control commands for the general purpose
Spearman rank correlation program, SPRACC.

SPRACC -- This program, using the input file from
SPFEED, computes the Spearman rank
correlation coefficient for pairs of input
variables. The program outputs the number
of wvariables pairs used, the correlation
coefficient and the significance of it.
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RESULTS AND DISCUSSION

DATA BASE

Since 12 August 1975, a total of 449 audiometric
examinations have been made. This includes 49 children with
one examination, 125 with two, and 50 with three examinations
at approximately 6-month intervals. For reasons outlined
later, the auditory threshold data included in the present
analyses are those obtained after 26 January 1976; however,
the noise exposure histories, interval questionnaires, health
history and otological inspection results for the entire
period are included. Since 26 January 1976, there have been
280 examinations of 198 individuals, from 5 to 18 years of
age.

Early in the study it was found that reliable and
complete thresholds could not be obtained from children acged
less than 6 years, and at times the audiometric examinations
interfered with their cooperation in the regular Fels
program. Of the total examinations subsequent to 26 January
1976, there are 14 that are incomplete; 8 of these are for
children 6 years of age or younger. Examinations on children
under 6 years of age have now been discontinued. This
decision affects very few children; almost all are now more
than 6 years old.

Audiometric examinations are made six monthly,
approximately on birthdays and "half-birthdays." Therefore,
in the analyses, an age for example, "6 years" refers to all
those children measured on or about their sixth birthday
(i.e., children between 5.75 and 6.24 vyears). The exact age
distribution of the examinations is given in Figure 1. of
the 280 examinations, 145 were of females, and 135 of males.
It is clear from Figure 1 that the number of children in each
age group 1is fairly uniform, except for the smaller numbers
at 5 and 18 years and the larger numbers at 13 and 14 years.
The latter is due to the addition of local school children to
the Fels sample in this age range, as explained earlier. The
distribution of children at each age is rather evenly divided
between the sexes.

The data subsequent to 26 January 1976 come from
examinations on 152 Fels participants and 46 of the local
school children. There are 117 individuals with one
examination, 80 with two, and one with three examinations.
The 76 children with two examinations separated by 5 to 7
months form the sample for analyses of 6-monthly increments
of hearing levels. Four children had their repeated
examinations separated by intervals outside the 5-7 months
range. Among these 76 children there are 35 boys and 41
girls; and 24 children from 6 to 11 years, and 52 from 12 to
17 years.
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Ty AND FARTICIPANT RESPONSES

ThisSTITNG CONTTIY

ventinuity and completeress of the auditory threshold
testing nrocodurc and the guality of participant responses
avaluated hy the technician at each examinaticn. The
regarding these aspects of the test and the appropriate
nitiong of the coryaalondlnq zcores are inclulded on pages

3 of Appendi: ﬁ. The prevalences of each of these
25 are given in JTarlz 5 for beyvs and girls of two age
<. ] ﬁ11u~»v reyresented in Table 5 comprise all

’Q/S Complete test data were

Ten toate 0

ned yorcert oz ¢d 6~11 years and in 96.5

Tt € Ao verrs. The percentage in whom

vl ot TSI craded "good" varied from 69 to
LSS iR . ireupns beina almost the same in

i : RN
sex and nicores op in u]Ctr qQrours.

wrenn percent of the vounger boys
intvcruption {(score = 0), while of

¢ anrle tc complete the test
sairespon ting  percentages for girls
I irls, and 83 percent for older
s boyvs weie slightly more likely to
it a break than girls. A short
in<d botween cars (score = 1) for both
r in the wvounger children than in
wugh thelre was little evidence of a
= n the freqgusncy of interruptions
; ing i , a particular ear (scores 2 and 3).
taloinls iontoroutions 1n the overall testing procedure

{:mere - 7y veoe 2lisniiv o rorve cormor in the younger children
tiaa i thee o e oh o idyern,
T warr jivtle o diirorence between the two  ane groups
i uh . v - o individuals who had tc he retested at
sore t e o0 ooz = )y however, while 2 percent of the
‘e bevs o 1Y 0 sreent of the younger girls insisted that
Loy st ral oy tinveest {snore = R), nore of the clder
il oo arnied  citat the  test  be  terminated. These

fivdirs oo crvsdstenpt with our earlier findings concerning
Ti! rycocnone, of incomplete examinrations  in children
ot b L0 v sy aldd,

I R it tie ditference hetween the

T e snponses (score = 0); though vood

LRI cemmorn arondg the older children

LR oty Tdren. Trom 2 to 5 percent of the

e il T Tadsie resvanges oiter {(score = 1), This was

ot o cermer in o aldor 2hilden as in youncer children, and

RYSISENE A5 cormer in Sews at girlis. Frratic responses,

ot i, dusictesont, Al restlessecns of  participants

R c3, 4, 5, %) sere slighitly more conmon in younger
shol b : T b
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TABLE 5. PERCENTAGE OF CHILDREN WITH SPECIFIC SCORES
REGARDING THRESHOLD TESTING

BOYS GIRLS
Age Score Continuity Quality of Continuity Quality of
Group of Testing Responses of Testing Responses
6-1] Years
0 67 65 6l 68
1 17 4 20 5
2 0] 0] 0 0
3 2 4 5 0
4 8 4 5 2
5 2 2 0 4]
6 2 2 7 0
7 0 0 0 0
8 2 13 2 18
9 - 6 - 7
12-17 Years
0] 88 79 83 79
1 0 5 3 2
2 3 0] 0 1
3 1 1 3 4
4 1 0 4 1
5 5 0 2 0
6 0 1 0] 2
7 0 0 0] 0
8 3 14 4 11
9 - 0 - 0

Based on approximately the following sample sizes: 6-11
years, 85 boys, 75 girls; 12-~17 years, 122 boys, 139 girls.
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OTOLOGICAL INSPECTIONS

Preceding the testing of auditory thresholds, an
otological inspection was given each participant to record
deviations from normality. 1In each category a score of zero
indicates a normal finding. The definitions of the findings
indicated by each of the other scores of the otological
inspection are given in Appendix A. Tables 6 and 7 give the
score prevalences for right and left ear of boys and girls of
two age groups. The sample represented in these tables
includes all children examined since testing commenced in
August, 1975.

There is 1little difference between age groups or sexes
in the frequency of abnormal tragi, almost all being normal,
and a maximum of 2 percent in any age group being considered
"very large"” (score = 1). The most frequent meatal
abnormalities concerned obstructions of the auditory canal
and small or slit-like meati. The younger girls tend to have
more problems with obstructions than the older girls. In the
6 to 11 year age group, 15 to 17 percent of the girls had at
least partial obstruction of the auditory canal in one ear.
None of the children examined had perforated ear drums, and
about one percent of the ears examined had some drum scars,
probably due to spontaneous or induced perforations that had
healed.

The most common abnormalities are those dealing with
the ability to see the cone of 1light reflected from the ear
drum on otoscopic inspection. In about 20 percent of the
inspections, the cone of 1light was not seen because of
auditory canal occlusion. The rather high frequencies of
scores other than zero or 1 for this item may indicate the
inexperience of the technicians, rather than ear pathology.
Three to 12 percent of boys and girls had drums that were
dull in appearance, lacking the lustre typical of the normal
tympanic membrane. There was little difference between the
age groups, although in older boys this tended to be more
common than in girls. From 1 to 3 percent of the children
inspected had ear drums that were red, suggesting some
inflammation. The frequencies of additional comments
(score = 8) suggests that the number of categories for each
item could be increased, or that many of the participant's
present conditions are not readily classifiable.

HEARING PROBLEMS

Otolaryngological examinations were made of children
found to have hearing problems during the investigation. A
child was identified as having a hearing problem if one or
more auditory thresholds were at or above 30 decibels. There
have been five such children.




TABLE 6A. PERCENTAGE OF CHILDREN 6 TO 11 YEARS
OF AGE WITH SPECIFIC SCORES ON OTOLOGICAL

INSPECTION (RIGHT EAR).1

Cone of
Score Tragus Meatus Ear Drum Light Color

z BOYS
, 0 98 81 88 66 81
“ 1 0 0 0 18 1
2 - 4 0 9 <)
: 3 - 6 0] - 0
4 -- 0 -- -- 0
5 - 4 - - -
6 - 0] - - -
8 2 6 12 7 12

; GIRLS
| 0 100 72 75 53 73
1 0 0 0 25 3
’ 2 - 15 4 13 5
3 - 4 1 - 0
4 -- 3 -- -= 0
5 - 1 - - -
6 - 0 - - -
8 0 5 20 8 19

1. See appendicesA and B for score definitions.
Based on approximately 85 boys and 75 girls.
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TABLE 6B. PERCENTAGE OF CHILDREN 6 TO 11 YEARS
OF EGE WITH SPECIFIC SCORES ON OTOLOGICAL
INSPECTION (LEFT EAR).!

Cone of
Score fTragus Meatus Ear Drum Light Color

BOYS

0 98 78 87 53 79

1 0 0 0 22 2

2 -— 5 0 16 9] i

3 - 5 0 - 0

4 - 2 -- -- 0

5 - 5 - — -

6 -— 0 -- - - 1

8 2 6 13 8 13 ?
GIRLS

0 100 69 77 59 73

1 0 3 0 21 1

2 - 11 4 11 3

3 - 5 0 - 0]

4 - 1 - - 0

5 - 3 -- -- --

6 - 0 -- - -

8 0 8 19 9 23

1. See appendices A and B for score definitions.
Based on approximately 85 boys and 75 girls.
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TABLE 7A, PERCENTAGE OF CHILDREN 12 TO 17 YEARS
WITH SPECIFIC SCORES ON OTOLOGICAL INSPECTIONI
(RIGHT EAR).

Score Tragus Meatus Ear Drum Co:iggi Color
BOYS

0 98 80 83 59 70

1 2 1 0 24 1

2 - 7 2 11 7

3 - 4 0 - 0
4 - 0 - - 0

5 - 4 - -- -

5 ~-- 2 - - -
8 0 2 15 7 22

GIRLS

0 99 82 82 57 78

1 1 4 0 22 1

2 - 9 13 4

3 - 1 0 - 0

4 - 0 - -- 0

5 -- 3 - - -

5 - 1 -— - _—

8 0 1 13 7 17
1. See appendices A and B for score definitions.

Based on approximately 122 boys and 139 girls.,
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TABLE 7B. PERCENTAGE OF CHILDREN 12 TO 17 YEARS

WITH SPECIFIC SCORES ON OTOLOGICAL INSPECTIONI

(LEFT EAR)

Cone of
Score Tragus Meatus Ear Drum Light Color
BOYS
0 98 80 82 53 66
1 2 0 0 20 2
2 - 7 2 10 12
3 - 4 1 - 0
4 - 0 -- -- 1
5 - 3 -- -- -
6 - 2 - - -
8 0 3 15 7 19
GIRLS
0 99 78 81 55 78
1 1 3 0 27 1
2 - 9 2 12 4
3 -- 1 1 -- 0
4 - 0 -- - 1
5 - 4 -- - -
6 - 1 --= -- -
8 0 3 16 6 16

1. See appendices A and B for score definitions.
Based on approximately 122 boys and 139 girls.




No. 9037. At the time  thi L el

] examined at Fels she had a cold, but the ' abt ear oo

were normal, while these in the lLoft ooy oo o :
(46-54 decibels) for 100D, 2000 sr0 4067 oy +
light was not seen in the lefr ear. o loax 0 o0 o ]
noise exposure hut waw ocwore of She haoarang oo L b
ear - associated with bronchoproeuroeri : .
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findinas at Fels were corfirmed.  Beoe v i ey
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inappropriate to asl  him  to reture lamediat
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higher than those for air. 1t was  docided
would be watched caorofally.
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Fels. His thresholds were about 45 #0222
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e has had ahove averace nolse exposure (firecrackers,
radic) and he has had otitis media. Ilis nother has a hearing
tess ("20-402") ard she has the TV louder than the boy would
wish. He has nad one ear infection in the past six months.

THRESHOLDS

General Findings - When the entire sample of boys and
girls, examined after January 26, 1976, 1is considered across
aces, <everal oveneralizations c¢an be made about threshold
levels. Table 8 shows that the distributions of auvditory
tnresholds are sigrificantly and positively skewed and are
significantly leptokurtic. This is true at each freguency
and for each ear. The degree of non-ncrmality is rather
constant acrnss frequencies.,

{n both ears, the threshold means at 4000 and 6000
lertz ave 2 to 3 decibels higher than those at the lower
frequencies; these differences are significantly different by
t-test (p < 0.01). The deviations from normality of the
distributions may invalidate the exact significance of the
differences based on a parametric statistical test. However,
the results are sufficient to indicate reduced aural acuity
at the higher frequencies.

There is a similar degree of variation about the mean
threshold at <ach frequency, as evidenced by the standard
deviations (Tabtle 8), vanging from about 7 tc¢ 9 dJdecibels.
Tikewlse, the stanidard error of the mean at any frequency 1is
neac 0.5 decibels. Tn Tables 8 through 16, as for Tables 23
through 31, headinas of "SKEW" and "KURT" indicate skewness

(q1) and kurtosis (g,), respectively. "PSKEW" and "PKURT"

are the sigrificance levels for the t  statistic testing for
cskewness or kvuricsis. 2 valae of L0001 ie aiven when the
gignificancs ie leass than or equal to 0001 and likewise a
value of 1.0 is «aiven if the significance is greater than
L9999, The extent of the variation is evident alsc from the
porcentiles of the threcholds (Table 8). The range of the
middle quartiles is abont 8 to 10 decihels. Thus, 50 percent
cf the threshold valuss avre within 4 or 5 decibels of the

nedian,

ITentrrestingly, a considerable prorortion of the
participants have thresholds at -10 and -12 decibels. The
latter is the lower limit of the audiometer used in this
stikdy. This is partialiy evident from the percentiles (Table
8y . rt each frequency the propnrvticon of  children with
throehnldes at ar below -10 decibels is near 2 rercent for the
viaht =sar, and no3r 1% perveent for the left ear. A larcer
proportioe of 14 to 17 year olds have these low thresholds
thoan & to 11 vear olde, "hirs i=s shown grapbically for the
riaht o~r  in Figures 2 to £, These fiqureg are discussed in
detn il Tater,




TABLE 8 - DESCRIPTIVE STATISTICS OF AUDITORY THRESHOLD LEVELS
IN THE STUDY 5AMPLE (BOYS 4liD GIiLS COMBINED)

. FREQUENCY
(HERTZ) N MEAN sD SKEW PSKEW KURT PKIURT
RIGHT EAR
500 277 0.21 8.00 3.29% 0,0001 25.41 0.0001
1000 281 «0.7% 7.87 3.95 0,0001 34,50 0,0001
2000 281 -0.87 7.64 3.33 0.0001 28.12 0.0001
4000 280 1.51 8.55 3,9% 0.0001 39,01 0.0001
6000 278 2.06 9,58 3.00 0,0001 24.14 0,0001
LEFT FAR
500 266 «0.R6 f.14 3,40 0,0001 28.139 0.0001
1000 271 2,04 9.08 4.53 0,0001 33,47 0.0001
2000 270 -2.78 8.62 3.83 0.0001 27.99 0.0001
4000 269 0.98 9.65 3.29 0,0001 23.70 0.0001
6000 269 1.46 9,61 1.91 0,0001 13.37 0.0001

' HBETTER EAR

) 500 278 .2.15 7.58 3,92 0n.0001 35.37 0,00NN4
1000 281 -3.46 7.23 5.28 0.0001 55.24 0.0001
2000 281 -4,11 7.35 4,37 0,0001 39,64 0.0001%
4000 280 -1.57 .12 4,49 0,0001 46,133 0.0001
6000 279 ~1,33 8,71 2.86 0.,0001 22.96 0.0001
LEFT=RIGHT DIFFERFNCFES
500 265 -1,04%* 5.61 =-0,21 0.1491 4.45 0.0001
1000 271 ~1.13% 7.68 3,45 0.0001 28,49 0.0001%
2000 270 -1,78%% 1,32 2.02 0,0001 15.62 0.0001
4000 269 «0.49 8.65 1,17 0.0001 %.59 0.,0001
6000 268 -0.73 8.32 -0.20 0.1732 0.13 0.9813

PERCENTILES

FRFEQUENCY

(HERTZ) MIN 10 25 MEDIAN 75 90 MAX ]
t RIGHT EAR |
500 -12 -8.0 -4,0 0,0 4,0 8.0 74 :
1000 =12 -A,0 =5.0 =2.0 2,0 6.0 78
2000 =12 -10.0 =6.0 =2.0 2.0 6.0 12
4000 -12 =8.0 =4.0 2,0 6,0 10.0 90
6000 =12 -8,0 4,0 2.0 6,0 12.0 90
LEFT EAR
500 =12 =10.0 6.0 =2.0 2.0 8.0 76
1000 =12  =10.0 =6,0 4,0 0,0 6.0 82
2000 =12 =12.0 “f,0 =-4,0 0,0 6.0 76
4000 -12 =10.0 -4,0 0.0 6,0 8,0 86
6000 -12 -10.0 6,0 2,0 8,0 12.0 78
BETTER FAR
500 =12 -12.0 *6.0 2.0 0,0 6,0 74
1000 =12 -10,0 =8,0 =-4,0 0.0 4,0 78
2000 =12 =12.0 -H,0 6,0 =2.0 4,0 72
4000 =12 -12.0 =6.0 =2.0 2,0 6.0 A6
6000 =12 -12.0 -8,0 2,0 4,0 8.0 78
LEFT=RIGHT DIFFERENCES
500 =30 =6,0 =4,0 0,0 2.0 6.0 26
1000 =30 -R,0 4.0 2.0 2,0 4.0 60
2000 =30 -10,0 =60 =2.0 2,0 6,0 46
4000 =26 =10.0 -4,0 0.0 4,0 R.0 46
6000 .24 ®12.0 =6.0 0.0 4,0 10.0 22

.0l«<p 4£.05
% p&.0L
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Comparison of Age Groups and Sexes - The threshold
distributions of boys (Table 9) are more skewed and less
leptokurtic than those of the girls (Table 10} at
corresponding frequencies. At several frequencies the
measures of skewness and kurtosis for girls are on the
borderline of significance, whereas for boys there is highly
significant, positive skewness and leptokurtosis at all
frequencies.

At every frequency girls have lower mean thresholds
than boys, and their percentiles tend to be lower than the
corresponding ones for boys (Tables 9 and 10). In addition,
the girls tend to have smaller threshold variances.

For both boys and girls, the younger age group, 6 to 11
years old, generally has normally distributed threshold
distributions (Tables 11, boys; 12, girls). As in the total

“~._sample, the younger females tend to have lower means and

edians at each frequency than the boys; however, the
differences are not statistically significant. The
differences between sexes for mean thresholds in the older
age group of 12 to 17-year-olds (Tables 13 boys: 14, girls)
are similar to‘thgé:verall sex differences, largely because
this group comprises_ about two-thirds of the total sample.
The same is true for medians and other percentiles.

One finding consistent with observations on the total
sample, and present in each age and sex group, is that
hearing thresholds tend to be higher at the 4000 and 6000
Hertz frequencies than at the lower fYsQuencies. As will be
discussed in a later section, these higler frequencies also
have larger six-monthly increments tﬁaa_ the lower
frequencies. S

When the 6 to ll-year-olds (Table 15) are compared.as a
group to the 12 to 17-year-olds (Table 16), it can be seéen
the older group has lower mean and median thresholds at each
frequency. The entire distribution for the older children is
shifted towards lower threshold levels relative to the
younger group. This can be seen by comparing corresponding
data for the two groups, as shown in Tables 15 and 16 and
Figures 2 through 6. These figures show the proportion in
each age group hearing at specific auditory threshold 1levels
in the right ear at each tonal frequency. There is a shift
toward lower thresholds at most frequencies in the older
group.

Furthermore, there is a significant Spearman rank
correlation between age and auditory thresholds in the better
ear at every frequency (Table 17). The correlations are
negative and in the range of ~.2 to -.4, being generally
larger at the 1lower frequencies. This means that as the
children get older their thresholds get lower; that is, they
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N TABRE 9 - DESCRIPTIVE STATISTICS OF AUDITORY THRESHOLD LEVELS IN BOYS
| FREQUENCY
’ (HERTZ) N MEAN sD SKEW PSKEW KURT PKIURT
RIGHT FAR
. 500 134 1.00 9,33 3.79 0.,0001 26.158 0.0001
1000 116 0.13 9,34 4,50 0,0001 33,58 0,0001
2000 136 0,47 9,09 3,83 0,0001 27.58  0.,0001
4000 136 2.01 10,10 4.73 0,0001 39,88 0.0001
6000 134 2.78 10,95 3.86 0,0001 28,01  0.0001
LFFT EAR
{ 500 133 0.41 9.18 4.40 0,000 32,52 0.0001
i 1000 134 =-1.2% 9,49 5,18  0,0001 4a1.86 0.,0001
a 2000 134 “2.13 9.25 4.64 0,0008 35.64 0,0001
3 4000 134 1.43 9,78 4.72 0,0001 39,38 0,0001
‘ 6000 134 2.69 10,79 2,50 0,0001 15.68  0,0001
‘ HETTFER FAR
500 135 =1.16 8.89 4,69 0,0001 3%.97  0.0001
1000 136 2,38 8.91 5.51 0,0001 46.32  0,0001
2000 136 -3,24 R,85 4.72 0,0001 36.24 0.0001
4000 136 -0.99 9,67 5,27 0,0001 45.60 0,0001
6000 135 -0,28 10,05 3,52 0,0001 24.98  0,0001
: LEFT=RTGHT DIFFFRENCES
s 500 132 ~0,77 5,22 -0,61 0.004? 1.35 0,0019
] 1000 134 «1,268%% 5,19 -0.39 0,063% 2.7%  0.0001%
2000 134 «1,58** 5.3 -0.,47 0,0241 1.45 0,0009
1 4000 134 0,52 7.33 0.11  0,93R9 0.17 0,9845
. 6000 133 0,14 8,06 0,36 0,0813 0.13  0,9976
FREQUENCY PERCENTILES
(HERTZ) MIN 10 25 MEDTAN 75 90 MAX
RIGHT FAR
: 500 -12 -7.0 «4,0 0.0 4,0 8.0 74
' 1000 12 «8,0 «4,0 «2,0 4,0 6.6 7R
' 2000 -12  =10.0 “6.0 2,0 4,0 6.6 72
4000 -12 -8,6 2,0 2.0 6.0 10,0 90
6000 -12 -R,0 “4,0 2.0 8.0 12.0 90
1 LFFT EAR
1 500 -12 8,0 4,0 0,0 4,0 8.0 76
1000 .12 =10,0 6,0 «2.0 2,0 7.0 82
2000 =12 =10,0 6.0 4.0 2.0 6.0 76
4000 -12 -900 -4.0 ‘oo 600 R.O 86
6000 -12 =10,0 4,0 2.0 8,0 14.0 78
RETTFR FAR
500 =12 =10.0 6,0 «2,0 2.0 6.0 74
. 1000 “12 ~10.0 “6,0 -4,0 0.0 4.6 7R
. 2000 1?2 -12.0 -800 -400 000 4-0 72
- B 4000 -12  =12.0 6,0 2.0 2.0 6.0 86
' 6000 -12  =12,0 8,0 0,0 4,0 10.0 78
LEFT=RIGHT DIFFFRENCES
500 =20 R, 0 2,0 0,0 2.0 6.0 14
1000 =24 8,0 “4,0 «2,0 2.0 4.0 16
2000 22 -8,0 4,0 0.0 2.0 4,0 14
4000 “i6  =11.0 4,0 0.0 4,0 8.0 20
6000 .22 m11,2 6,0 0.0 5,0 10,0 20
** p ¢£.01
b
] ;«
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TABLE 10 - DESCRIPTIVE STATISTICS COF AUDITORY THRESHOLD LEVELS

FREQUENCY
(HERTZ)

RIGHT EAR
500

1000

2000

4000

6000

LEFT FAR
500

1000

2000

4000

6000
BETTER FAR
%00

1000

2000

4000

6000
LEFT=RIGHT
500

1000

2000

4000

6000

FREQUENCY
(HERTZ)
RIGHT FAR
500

1000

2000

4000

6000

LEFT EAR
500

1000

2000

4000

6000
BETTER FAR
500

1000

2000

4000

6000

LEFT=RIGHT
500

1000

2000

4000

6000

* 01<p¢S.

IN GIRLS

143 =0.53
145 1,57
145 -1.24
144 1.03
144 1.39
133 -2.12
137 =2,80
136 -3,41
135 0,53
11315 0.24
143 -3,09
145 =4,47
145 =-4,94
144 -2,13
144 =2.32
DIFFERENCES
133 -1.31
137 -0.98
136 =-1.97
135 =0,46
135 -1.32
MIN 10
=12 -8,0
=12 =10,0
-12 =10,0
-12 «7.0
=12 =-10,0
=12 «-12.,0
-12 =12.0
=12 -12.0
=12 -12.0
-12 =12.0
=12 =12.0
=12 =12.0
=12 12,0
=12 -t2.0
=12 =-12.0
NDTFFERKENCES
«30 =6,0
=30 =80
30  ~10.6
-26  =10.0
24 14,0
(313

*

SD

6,45
6,11
5.96
6,78
8,09

6.74
8,63
7.93
9,55
8.13

5.97
5,03
5.49
6,30
7.14

5.97
9.53
8.89
9.81
8.55%

SKEW

0.90
0,76
0.57
0.39
0.50

0.38
3.66

C2.41

1.75%
0015

0,38
0,52
1,06
0.31
0.50

0.09
3.61
2.39
1.55
-0,05

PERCENTILES

25

6.0
=h,0

«8.0
-8,0
t0.0
“6h,0
-R,0

-4,0
5.0
6,0
6,0
“6,0

MEDIAN

51

2.0
2.0
=2,0
0.0
2.0

2.0
=4,0
"4:0
0.0
0,0

4,0
-4,0
6,0
'200
=2.0

-2.,0
2,0
=2,0
0.0
0.0

PSKEW

06,0001
0,0005
0,0055
0.0531
0.,0129

0,0663
0.,0001
0.0001
0,0001
00,8420

0.0567
0,0096
0.0001
0.1169
0.,0136

0.9860
0,0001
00,0001
0,0001
0,9999

KURT

2.29
1.35
0,70
0,20
0.23

-0,52
20,07
1n0.59

5,73
«0.66

-0,.05
0,12
2,09
0.07
0.25

6,08
22.61
13.72

6,33

0.13

DL O NI
e e o s 0 e o o o o
O®OO QOoOOoON

IR
* s e s o
OO0

PKURT

00,0001
0.0012
0,0800
0,95%24
0.9210

0.2134
0.0001
00,0001
0.0001
00,1110

1.0000
0,998k
0,0001
1.0000
0,8921

0,000t
00,0001
0,0001
0,000t
0,9973




TABLE 11 - DESCRIPTIVE STATISTICS OF AUDITORY THRESHOLD LEVELS
IN BOYS 6-~11 YEARS OLD

FREQUENCY
(HERTZ) N MEAN SD SKEW PSKEW KURT PKURT
RIGHT EANR
500 51 1.96 7.80 0.99 0.0036 0.90 0.1672
1000 52 0,92 7.87 0,88 0.0080 0,77  0.2333
2000 52 0.15 6.61 0.61 0,0640 0.88 0.1758
4000 52 2.38 5.9) =0.37 0,2691 «0,33  0.9%04 ,
6000 51 3.10 7.86 0,33 0,6804 0.06 1,0000 :
500 50 1.48 6.50 1.09 00,0018 1.91 0,0046 3
1000 S1 -0,39 5,97 0.43  0,1921 =0.58 0,7386
2000 51 “1.80 6,39 0.55 0,0958 0.25 0,9912
4000 51 1,33 5.65 =0,38 0,2540 =0.63 0,6987
6000 51 3,96 7.89 0.11  0,9965 -0.,0%  1.0000
BETTER FAR
500 52 0,23 6.36 1.17 0.0008 2,72  0,0002
1000 52 1,69 5.92 0.56 0,0848 «0.24 0,9934
2000 52 “2.62 6.27 0.71 0.,0314 0.75 0.74%6 3
4000 52 «0.69 5,40 0,75 0,8087 ~0.58 0,7408 y
6000 52 0.8R 7.12 0,00 1.0000 0,65 N.68B40 3
LEFT*RTIGHT DIFFERENCES
500 49 -0.98 5,69 -1.01 0.0036 1.86 0,0060
1000 51 -1,37 5,86 =1,25% 0,000%5 3.00  0,0001
2000 51 -1.92*% 5,18 «1.19  0,0007 3,07  0.0001
4000 51 -1.14 6.94 -0,06 1,0000 0.?8  0.9807
6000 50 0.76 7.47 «-0.47 0,1645 0.88 0,1R28
PERCENTILES
' FREQUENCY
(HERTZ) MIN 10 25 MEDTAN 75 90 MAX
RIGHT EAR
500 -12 “h,0 -4,0 0.0 6.0 12.0 26
1000 -12 7.4 5.5 0,0 4.0 12.8 24
2000 -12 «8,0 -4,0 0,0 4,0 8,0 22
4000 ~12 6.0 2,0 2.0 6.0 10,0 14
6000 -12 7.6 -2.0 4.0 8.0 14,0 26
LFFT EAR
500 =10 =6,0 2.0 0.0 4,5 8.0 24
1000 -12 7.6 4,0 2,0 4.0 8.0 14
2000 -12  =10,0 6,0 2,0 4,0 5.6 18
4000 -12 6,0 4,0 2.0 6.0 8.0 12
6000 =12 9.6 0.0 4,0 8.0 15.6 24
BETTER EAR
500 -12 7.4 4,0 2,0 4,0 6.0 24
1000 -12 -8.0 6,0 =2,0 2.0 7.4 14
2000 “12  =10,0 -8,0 =2,0 2.0 ) 18
4000 “12  =10,0 -4,0 0.0 2.0 6.0 10
6000 “12  =10.0 «2.0 0.0 4.0 11.4 16
LEFT=RIGHT DIFFERENCES
500 =20 =10,0 -3,0 0,0 2.0 6.0 10
1000 =24 =R.0 «4,0 0.0 2.0 5.6 10
2000 .22 -9,2 4,0 -2,0 0.0 4,0 8 7
4000 “16 =13.6 -4,0 0,0 2.0 8.0 19 g
6000 -22 =7.8 4,0 2.0 4,0 10,0 16 3

* ,014p<£.05 .’
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TABLE 12 - DESCRIPTIVE STATISTICS OF AUDITORY THRESHOLD LEVELS IN
GIRLS 6-11 YEARS OLD

FREQUFNCY

(HERTZ) N MF AN
RTIGHT EAR

500 43 0.93
1000 44 0,14
2000 44 =0.,32
4000 43 2437
6000 43 .21
LEFT EAR

500 35 0.69
1000 39 =1.03
2000 39 =2.31
4000 37 1.14
6000 37 1.46
RETTFR EAR

500 LR =0,60
1000 44 =2,.23
2000 44 -3,64
4000 41 *0.70
6000 43 0,23
LEFT=RIGHT DTFFERFENCES
500 35 0,00
1000 39 =0,46
2000 39 =2,26
4000 37 1,62
6000 37 2,27
FREQUENCY

RIGHT FAR

500 =12 6,0
1000 -12 -7.0
2000 -12 =7.0
4000 -12 b, 0
6000 -12 6,0
LEFT EAR

500 -12 12,0
1000 -12 -10,0
2000 -12 «10.0
4000 L WA 8,4
6000 -12 10,0
HETTER FAR

500 -12 10,4
1000 -12 11,0
2000 -12 «10,0
4000 =12 10,0
6000 -12 «10,0
LFEFT=RIGHT DTFFERENCES
500 =16 *6,0
1000 -18 -h,0
2000 =16 =10,0
4000 .22 8,8
6000 -14 -14,4

* .0l<pg.05

SD

5,58
5.10
5.03
7.56
7.33

6.74
6.49
5,83
7.30
7.0R

599
5.37
4.61
6.31
5.R9

5.02
helh
6.23
7.04
-’-7“

SKEW

0,25
-0,39
0.00
0.33
0,48

=0,.24
0.52
0,02
0.39
=-0,03

0,04
-0,04
-0,05

0,01
«0.27

=-0,84
0.01
0,04
0,28
0,30

PERCENTILFS

25

2,0
-4.0
4,0
4,0
=2,0

-4,0
4,0
-6.0
“6.0
«4,0

“4,0
=6,0
7.5
=h,0
-4,0

-2.0
4,0
6.0
6.0
6,0

MEDTJ AN

PSKEW

00,8460
00,2705
1,0000
0,7237
0.1802

00,8997
0.1680
1.0000
0,6831
1,0000

1,0000
1,0000
1,0000
1,0000
0.,8196

0,0344
1,0000
1.0000
00,8427
0,8045

KURT

0,39
-0.5%
-0,34
0.01
0,37

-0.,60
-0,31
-0,92
0,17
-0.79

0,17
=0.67
-0,74
=0.55
0,77

0.94
0.95
-n.73
0,78
1,06

PKURT

0,9342
0,7969
0.96013
1,0000
10,9472

0.RN54
0,9822
0,2127
0.9999
00,2986

0,.9999
0,7014
0,2925
0. R01Q
0,2803

0,2279
0,1972
N,6R93
00,3030
00,1608

MAX
16
12
24
14
14
10

20
16




TABLE 13 -~ DESCRIPTIVE STATISTICS OF AUDITORY TMRESJCLD LEVELS IN
BOYS 12-17 YEARS OLD

FREQUENCY

(HFRTZ) N MEAN
RIGHT ¥AR

500 80 0.1?
1000 80 -“0.73
2000 80 el 08
4000 80 1.5%
6000 80 2.53
LEFT EAR

500 80 -0.70
1000 80 -2.17
2000 a0 ~2.40
4000 80 1.30
6000 BO 1,60
RETTER EAR

500 80 -2.10
1000 8O «3,22
2000 BN -3.8%
4000 B0 -1.50
6000 80 -1,20
LEFT=RPIGHT DIFFERENCFRS
500 80 -0 ,R?
1000 RO -1.45*%
2000 ]0 “), 33F*
4000 80 -0,24
6000 80 ~0,93
FREQUENCY

(HERTZ) MIN 10
RIGHT EAR

500 -2 ~8.0
1000 -17 -R, 0
2000 -12 «{0,0
4000 ei?2 -10,0
6000 -12 -8.0
LEVT FAR

500 .17 8,0
1000 .12 ~10,0
2000 -1 11,8
4000 -12 «12.0
6000 12 -10.,0

RETTER FAR
500
1000
2000
4010
6000
LEFT=RIGHT
500
10060
2000
4000
6000

** peg.0l

-17 -10.0
-12 -10.0
-1? “17.0
-12 12,0
-17 2.4
DIFEFRFANCES

-12 -%.0
-14 -h, 0
~18 -8,0

-16 «10G,0
27 «172,0

SD SKFW
10,14 4,71
10,14 $.80
10,31 4,44
i2.721 4,66
12,72 4,11
10,35 5,11
11.12 5.51
10,175 4,93
11,80 4,55
12,34 ?.95%
10,10 5.3%
10,32 6,07
10,15 5,38
11.71 S,15
11.63 3,98

4,93 -0,20

1.49 N.5n

5.48 0,11

T.65 0.71

4,41 -0.24

PRRCENTILES

25 MEDTAN
“4,0 0,0
-4.,0 ~?2.0
“h,0 -2.0
-4.0 2.0
-1.0 nN,0
6,0 w2,
7.5 -d,0
h, 0 4,0
4,0 0.9
8,0 2.0
-h,0 =-7,0
-8,N 4,0
-3,0 ~-fy, 0
-H 0 2,0
R N -7 .0
3.5 0,0
~4,0 -2, 0
-5,% 0.0
-g, 0 n,
-b,0 0,0

54

PSKEW

00,0001
0,0001
0.0001
0.0001
0,0004

0.0001%
0,.0001
0,0001
G,0001
0,606

0.0601%
0,000y
0,061
D,0001
0,000

0.81141
0.035%
00,9854
00,8017
0,7427

KURT

37.91
42.513
78,84
3r.63
725.53

35,00
IR, 42
32.76
IN .50
15,949

37.61
i15.12
1h, 3K
36,19
24.76

0.4%
2.10
0,136
0,02
-0.23

PKURT

n,onng
0.0001
n,0001
0,.0003
3,0001

N,0001
0,000
.00y
G,000%
0,00014

0,000
G,n601
6,000
a,0001
0,001

0,708
59,0003
N ReAHY
i.Gudo
n,3e71715

MAX

74
7R
72
a0
90

76
87
T6
Rty
78

74
7R
12
Rb
1%

14
16
14
0

20




TABLE 14 -

FREQUENCY
(HFRTZ)

RIGHRT FAR
500

1000

2000

4000

6000

LFFT FAR
500

1000

2000

4060

6000

BETTER AR

500
1000
2060
4000
6060

LEFT<riGny

S00
1000
2000
4000
6000

FREGUFELCY
(HERTZ)

KIGHT FAR
500

1000

20060

4000

6600

LEFT AR
5430

000

7000

4000

£000
RETTHE kAR
500

1600
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DESCRIPTIVE STATISTICS OF AUDITORY THRESHOLD LEVELS 1IN
GIRLS 12 -17 YEARS OLD

N ME AN
9% -t ,22
96 ~2.10
96 -1,77
96 0,3%
94 a1
95 “Z.4914
35 -3.33
94 31,76
9% 0. 3R
a% 0,00
95 ~4,25
96 5,48
96 5,09
96 2,96
9h ~3,0R
DYFFPRENCES
95 -t,71°
95 1,22
94 -1.77
95 -0, 07
95 -0,84
MiN 10

-12 ~10,0
“12 -1¢,0
«12 -10,0
=12 “f,0
~12 ~1C.6

-12 -12.0
-12 ~12.0
-17 ~12.0
-1? 12,0
-12 -12.0

~12 =-12.0
-1 “17.0
-i2 -12.0
-1? ~12.0
-12 “12.0
DTFFE L SOES

~30 -h K
-30 -H,H
-3 ~12.0
~7h “10,0

=24 -12.6

Sh S

6.71
6,33
ha04
h 1R
8,40

b, AR
9,34
R,70
10,44
R,43

5.43
4,24
5.26
z’lq;
7.53

A, 31
10,73
9,92
10,83
B.84 -

PERCENTILES

KEW

1.2
1.18
0.50
0.11
0.%7

0,60
4,10
2.67
1.86
0.23

0,48
0,58
0.92
0,08
0,81

0,30
1.69
2,45
1.60
0.16

25 MEDTAN
“3,0 «2,0
“6.0 ~4,0
-6, 0 =2.0
-4,0 0.0
6,0 0.0
8,0 -4,0
-R,0 q, 0

=10,0 -h0
“t, 0 n,0
=-8,0 0.0
-n,0 ~1,0
-R,0 oty 0
=], 0 6,0
-H,0 ~2,0
“10,0 4.0
“4,0 «2,0
~h, () «?2,0
-~k 0 «2.0
4,0 0.0
=-5,0 0.0
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PSKEW

0.0001
0,0001
0,039R
0.9811
0.019%6

00,0151
00,0001
00,0001
00,0001
0,7267

6,0809
0,01R8?
0,00808
0.9979
N,00t16a

0,2179
09,0001
0,00601
00,0001
00,8839

KURT

3.28
2.3
0.20
~0.44
N.14

“0,10
21.174
1G.69

5.49
~0.66

0,23
('\.95
0.5%

“0.RY
0,71

)
20,13
12.2%

5.38
-0.,09

PKURT

0.0001
00,0001
0,9859
06,7293
0.9990

1.0000
0,0001
0.,0001
0.0001
0,1796

0.9697
0.0A48R
0.2%85
0.0927
0,140¢

0,0001
0.0001
0,0001
0.0001
1,0000




TABLE 15 - DESCRIPTIVE STATISTICS OF AUDITORY THRESHOLD LEVELS IN
6-1} YEAR OLDS (BOYS AND GIRLS COMBINED)

FREQUENCY

(HFRTZ2) N MEAN
RIGHT EAR

500 94 1.49
1000 96 0.42
2000 96 -0,06
4000 95 2.38
6000 94 3.15
LEFT EAR

500 85 1.15
1000 90 =0,67
2000 90 ~2.02
4000 88 1.25
6000 88 2,91
RETTER EAR

500 95 -0.40
1000 96 -1,94
2000 96 =3,08
4000 95 =0,69
6000 95 0,38
LEFT=RIGHT DIFFERENCES

500 84 «0.,57
1000 90 -O.QR**
2000 90 -2.07
4000 88K -1,34
6€000 87 0,53
FREQUENCY

(HERTZ) MIN 10
RIGHT EAR

500 12 =6.0
1000 =12 =6,6
2000 -12 -8,.0
4000 -12 =6,0
6000 1?2 «h,0
LEFT FAR

500 =12 *6.0
1000 -12 =R,0
2000 -12 «10,0
4000 .12 6,2
6000 =12 10,0
BFETTER FAR

500 12 -8,0
1000 12 -8,.6
2000 -12 =10,0
4000 .12 10,0
6000 -12 =-10,0
LFFT=RIGHT NIFFERFNCES

500 =20 6,0
1000 =24 =R,0
2000 .22 -10,0
4000 -22 -12,0
6000 .22 =10,0
** pg .0

SD SKEW
6,86 0,93
6.73 0.78
5.91 0.49
6,68 0,08
7.58 0.40
6,57 0.51
6,17 0,47
6,13 0.37
6,36 0,08
T.62 0.11
6.17 0,72
5.6% 0,35
5.57 0.61
5.R0 =0,11
6.58 -0,04
5.41 ~],00
5,97  =0.66
5.63  =0.56
6,95 0,16
7.71 =0.13
PERCENTILES
25 MEDIAN
«2.5 0.0
'4’.0 ono
4,0 0,0
=2.0 2,0
-2,0 2.0
-3,0 0.0
“4,0 -2,0
6.0 2.0
4,0 2,0
-2.0 3.0
-4,0 0.0
=6,0 2.0
-8,0 -4,0
4,0 0,0
'4.0 0.0
.2n° 0.0
4,0 0.0
.6-0 .210
4,0 =2.0
6,0 0.0

PSKEW

00,0005
0,0021
00,0443
0,99R80
0,1058

0.0501
0,0615%
0,13718
0.9983
0.,9784

0.0042
0,1521
0,0131
0.94811
1.0000

0,0004
0.0101
0,0256
0.8967
0,.9466

®ANVSRN DL LD
* o s o o * s o o o
OCoOoOoOoOWN

[~ =~ =N

S DOND
« s o o
DODOD

KURT

1.45
1.48
0.99
0.14
0.26

1.0‘
=-0,39
-0,02
-0,10
-0.14

1.90
-0,25
1.00
=0.4%
=0.51

1.82
2.29
0.90
0.60
0.70

O sOTON
"= s ® o 0 e o o o o
D000 NDXTODO®

oI N
“« ¢ % 0 0
Do0O0O0

PKURT

0,0039
0.0031
0,0402
00,9990
0,9402

0,0440
0,8091
1.0000
1.0000
0,9991

0,0003
0,94RR
0.,0399
0.7262
N,72968

0.,0009
0,0001
0,0707
0.2411
0.1710




TABLE 16 - DESCRIPTIVE STATISTICS OF AUDITORY THRESHOLD LEVELS IN
12-17 YEAR OLDS (BOYS AND GIRLS COMBINED)

FREQUFRNCY
(RERTZ)
RIGHT EAR
$00

1000

2000

4000

6000

LEFT EAR
500

1000

2000

4000

6000

BETTER FAR
500

1000

2000

4000

6000

LEFT=RIGHT
500

1000

2000

4000

6000

FRFQUENCY
(HERTZ)
RIGHT EAR
500

1000

2000

4000

6000

LKFT EAR
%00

1000

2000

4000

6000
RETTFR FAR
500

1000

2000

4000

6000
LFEFT=RIGHT
500

1000

2000

4000

6000

N MEAN

175 «0,61
176 -1.48
176 «1.45

176 0,91
176 1,57
175 -1,.91
175 =2.80
174 =3.10
17% 0.80
175 0.73

175 =3.27
176 =4.4%
176 =4,85
176 =2.30
176 -2.,23
DIFFERFENCFS

17% e1,30%%
175 -1,31%
174 -1.56%
175 -0.14
175 0,88
MIN 10

-12 -8.8
-12 8,6

-12 «10,0
-12 «10,0
-12 0,0

=12 =10.0
-12 «10.0
=12 -12.,0
=12 =12,0
=12 12,0

=12 =12,0
=12 =12,.0
=12 -12.0
-12 «32.0
-1? =12.0
DIFFERENCHES
=30 R.0
30 8,0
«30 -10,0
=26 =-10,0
=24 =12.0

* 0l1<pg.0>
* % ps.0L

SD SKEW
R.47 4,16
8,29 $.73
8,24 4,13
9,40 4,77
10,59 3.49
8,52 4.51
10.18 5.06
9,69 4,18
11.06 3.39
10,40 2.40
7.96 5,30
7.69 7.0%
7.90 5.48
9,03 5.27
9.63 3.52
5.72 0,11
8,45 4,17
B,17 2,32
9,48 1.35
8,62 -N.19

PERCFNTILFS

25 MEDTIAN
-4,0 «2,0
6.0 2,0
6,0 2.0
4,0 0,0
6,0 0,0
=he0 =2,0
-8,0 -4,0
-8,0 -4,0
-6,0 0,0
-8.0 0'0
-8,0 ~4,0
-3.0 '4.0

10,0 6,0
6,0 =2,0
=9,5 =3,0
4,0 2.0
‘4.0 .?..0
.6.0 2.0
.4.0 0.0
.600 ooo
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PSKEW

0,000t
0,0001
0,0001
00,0001
0,0001

0.,0001
00,0001
00,0001
0.0001
0,0001

0,0001
0,0001
0.0001
00,0001
0,0001

0,9131
0,0001
0.0001
00,0001
0,2988

FTAIANVON
e @& e o o
ODO0DO0Q

O ON
e o o 8 o
OO0 DO

NNNNNO
e o o o o
DO OO

P EeENON
e o o o o
ODDOOQ

KURT

12.92
46.14
33,71
43,19
25,46

37.85%
33,96
27.37
20,85
15.46

48.45
72.62
4/ ,RS
49.44
25.46

S5.613
30,07
15.03

5.38
=0.11

XEIPNON
e o 5 o o
DO0OO0OIDD

PKIURT

0,0001
0,0001
0.,0001
0,0001
0,0001

00,0001
0,0001
00,0001
0,000t
0.0001

0.0001
0,0001
o.0001
0.0001
0,0001

00,0001
0.0001
0,0001
0,0001
0.9986
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FIGURE 2 - PROPORTION OF CHILDREN IN 6-11 YEAR OLD AND
12-17 YEAR OLD AGE GROUPS HEARING AT SPECIFIC AUDITORY
THRESHOLDS (DECIBELS) RE AUDIOMETRIC ZERO (ANSI - 19569)

MEASURED AT 500 HERTZ IN THE RIGHT EAR
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FIGURE 3 - PROPORTION OF CHILDREN IN 6-11 YEAR OLD AND

12-17 YEAR OLD AGE GROUPS HEARING AT SPECIFIC AUDITORY
THRESHOLDS (DECIBELS) RE AUDIOMETRIC ZERO (ANSI- 1969)
MEASURED AT 1000 HERTZ IN THE RIGHT EAR
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FIGURE 4 - PROPORTION OF CHILDREN IN 5-11 YEAR OLD AND
12-17 YEAR OLD AGE GROUPS HEARING AT SPECIFIC AUDITORY
THRESHOLDS (DECIBELS) RE AUDIOMETRIC ZERO (ANSI - 1969)
MEASURED AT 2000 HERTZ IN THE RIGHT EAR
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FIGURE 5 - PROPORTION OF CHILDREN IN 6-11 YEAR OLD AND
12-17 YEAR OLD AGE GROUPS HEARING AT SPECIFIC AUDITORY
THRESHOLDS (DECIBELS) RE AUDIOMETRIC ZERO (ANSI - 1969)
MEASURED AT 4000 HERTZ IN THE RIGHT EAR
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FIGURE 6 - PROPORTION OF CHILDREN IN 6-11 YEAR OLD AND
12-17 YEAR OLD AGE GROUPS HEARING AT SPECIFIC AUDITORY
THRESHOLDS (DECIBELS) RE AUDIOMETRIC ZERG (ANSI - 1969)
MEASURED AT 6000 HERTZ IN THE RIGHT EAR

. hear better. When the correlations within each sex are
examined, it becomes clear that the girls are primarily ;
responsible for the significant correlations in the overall

I o ST RS m AT e T m e s T e

sample, especially at the lower frequencies where the
correlations range from -.4 to -.5. In the boys, the
correlations are much lower (-.1 to ~-.2) and are only just
significant in two cases; however, they are negative at each
frequency.

E . One explanation for the relative 1lack of younger
children hearing at attenuation levels of -10 and -12
; , decibels and the significant negative correlations with age
is that younger children may not concentrate sufficiently to
reach their "true" thresholds. This explanation would
account for the slightly higher means of the younger children i
and the significant correlations. If the difference between
the age groups is real, and not due to sampling error, nor
lack of concentration in younger children, an alternative
explanation is that hearing may improve slightly with age as
4 a result of some developmental change.
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TABLE 17 SPEARMAN RANK CORRELATION COEFFICIENTS (r)
BETWEEN AGE AND AUDITORY THRESHOLD IN BETTER EAR OF
BOYS AND GIRLS

Boys and girls\ Boys Girls
Frequency Correlation , Correlation p Correlation
(Hertz) Coefficient Coefficient Coefficient
500 203 -.384%" og -.242 105 -.499**
1000 203 -.285%* o8 -.088 105 ~.472%*
2000 205 -.312%* og -.205% 107 -.399%*
4000 204 -.190** 98 ~.153 106 -.216%
6000 204  -.144% 98 -.152 106 -.123
* .01 p .05
** p  ,01
The greater non-normality of the threshold

distributions of the older group, as well as the dgreater
variance, are also evident in Figures 2 through 6. Some of
those individuals in the older group with thresholds greater
than 20 decibels have thresholds much greater than 20
decibels (i.e., in the 40 to 80 range). No one in the
younger group has a threshold greater than 24 decibels.

Fels Auditory Thresholds Compared with National Data-
Comparisons of the threshold distributions of the Fels and
National Center for Health Statistics (NCHS) samples are
presented in Figures 7 through 11. These figures show the
proportion of the 12 to 17 year olds in each sample that fall
into the five auditory threshold ranges. While these figures
deal only with findings for the right ear, the results for
the left ear are similar. The skewness and leptokurtosis of
the distributions are evident. At each frequency, the Fels
distribution is shifted toward lower thresholds (i.e., better
hearing) compared to the NCHS distributions.
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FIGURE 9 - PERCENTAGE FREQUENCY DISTRIBUTION OF AUDITORY
THRESHOLDS (DECIBELS) at 12-17 YEARS FROM FELS AND NCHS
SAMPLES (ROBERTS AND AHUJA, 1975) RE AUDIOMETRIC ZERO
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FIGURE 10 - PERCENTAGE FREQUENCY DISTRIBUTION OF AUDITORY
THRESHOLDS (DECIBELS) AT 12-17 YEARS FROM FELS AND NCHS
SAMPLES (ROBERTS AND AHUJA, 1975) RE AUDIOMETRIC ZERO
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FIGURE 11 - PERCENTAGE FREQUENCY DISTRIBUTION OF AUDITORY
THRESHOLDS (DECIBELS) AT 12-17 YEARS FROM FELS AND NCHS
SAMPLES (ROBERTS AND AHUJA, 1975) RE AUDIOMETRIC ZERO
(ANSI-1969) : 6000 HERTZ, RIGHT EAR

In Figures 12 through 21, the median threshold levels
for the right ear of Fels boys and Fels girls are presented
with the corresponding NCHS medians at each age. Tables 18
through 21 present the median thresholds for right, left, and
better ear for the NCHS and Fels samples. The irregularity
of the Fels curve is probably due to relatively small sample
sizes at each age (see Figure 1l). For each sex, at almost
every frequency, the Fels medians generally indicate lower
thresholds compared to the National sample. In general, the
Fels and NCHS medians follow parallel courses across age. An
exception to this is seen at 4000 Hertz (Figures 18-19) where
the NCHS data show a precipitous drop (6 decibels) in hearing
ability between 11 and 12 years of age. It should be noted
that the reference data for 6 to 11 year olds, and those for
12 to 17 year olds, are from different NCHS cross-sectional
surveys. Consequently, the marked change in median
thresholds from 11 to 12 years of age at 4000 Hertz probably
represents sampling error or instrument variation rather than
biological development. That this occurs in cross-sectional
surveys, even those unusually well planned and based on large
representative samples, such as NCHS, emphasizes the need for
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MEASURE%}AT 4000 HERTZ IN THE RIGHT EAR OF BOYS
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FIGURE 19 - FELS AND NCHS SAMPLES (ROBERTS AND HUBER, 1970;

ROBERTS AND AHUJA, 1975) COMPARED FOR MEDIAN AUDITORY 1
THRESHOLDS (DECIBELS) RE AUDIOMETRIC ZERO (ANSI-1969) 3
MEASURED AT 4000 HERTZ IN THE RIGHT EAR OF GIRLS
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ROBERTS AND AHUJA, 1975) COMPARED FOR MEDIAN AUDITORY
THRESHOLDS (DECIBELS) RE AUDIOMETRIC ZERO (ANSI-1969)
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FIGURE 21 - FELS AND NCHS SAMPLES (ROBERTS AND HUBER, 1970; :
ROBERTS AND AHUJA, 1975) COMPARED FOR MEDIAN AUDITORY |
THRESHOLDS (DECIBELS) RE AUDIOMETRIC ZERO (ANSI-1969)
MEASURED AT 6000 HERTZ IN THE RIGHT EAR OF GIRLS
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y TABLE 18, MEDIAN HEARING LEVELS IN DECIBELS RE AUDIOMETRIC ZERO
(ANSI~1969) IN BOYS BY AGE: 6-11 YEARS, UNITED STATES, 1963-65
. (FROM ROBERTS AND HUBER, 1970).
' Ear and tonal Total 6 7 8 9 10 11
; frequency 6-11 yrs. yrs. yrs. yrs. yrs. yrs.
; yrs.
Right ear
. 500 Hertz 6.2 8.4 7.6 6.3 5.5 4.9 4,2
| 1000 Hertz 3.2 4.5 4.0 3.7 2.7 2.3 1.8
2000 Hertz 0.9 2.6 1.1 0.6 0.3 0.6 0.1
4000 Hertz 2.7 3.6 3.3 2.6 1.9 2.2 1.8
6000 Hertz 11.0 11.6 11.9 10.9 9.8 11.1 10.7 i
‘ Left ear
500 Hertz 6.5 8.4 7.7 6.4 6.0 5.5 4.9
1 1000 Hertz 3.5 4.8 4.5 3.7 2.8 2.7 2.3
. 2000 Hertz 1.4 2.3 2.1 1.3 0.8 0.9 0.7
'-. 4000 Hertz 3.1 4.0 3.7 3.2 2.7 2.6 2.7
6000 Hertz 12.1 11.7 12.0 11.6 12.0 12.0 12.9

Better ear

500 Hertz 4.8 6.7 6.4 4.7 4.0 3.5 2.8
1000 Hertz 1.8 3.0 2.8 2.2 1.1 0.8 0.0
2000 Hertz -0.8 0.4 -0.3 ~-0.9 -1.6 -1.1 -1.4
4000 Hertz 0.7 1.9 1.3 0.5 0.1 0.4 0.0 ;
6000 Hertz 8.4 8.9 8.7 8.0 7.7 8.5 8.4
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TABLE L8A.

(ANSI-1969) IN BOYS BY ACE:

12-17
(FROM ROBERTS AND AHUJA, 1975).

MEDIAN HEARING LEVELS 1IN DECIBELS RE AUDIOMETRIC ZERO
YEARS, UNITED STATES, 1966-70

Total
Ear and tonal 12-17 12 13 14 15 16 17
frequency yrs. yrs. yrs. yrs. yIs. vrs yre
Right ear
500 Hertz 7.6 8.0 7.7 7.9 7.6 7.6 6.3
1000 Hertz 2.2 2.6 2.3 2.5 2.1 1.9 1.9
2000 Hertz 2.2 2.3 1.9 2.1 2.5 1.7 2.5
4000 Hertz 9.9 9.6 16.2 9.6 2.8 10.0 10.4
6000 Hertz 13.6 11.9 13.60 13.4 14.0 15.5 14.8
Left ear
500 Hertz 8.1 8.3 8.6 8.3 8.2 7.8 7.4
1000 Hertz 2.9 3.2 3.2 2.8 2.9 2.4 3.0
2000 Hertz 3.1 3.1 3.1 3.1 3.6 2.7 2.8
4000 Hertz 11.6 11.3 11.4 11.3 11.5 11.9 12.2
6000 Hertz 15.0 13.7 14.9 13.9 15.6 15.7 17.2
Better ear
500 Hertz 5.9 6.4 6.2 6.2 5.9 6.0 4.7
1000 Hertz 1.1 1.3 1.4 1.3 1.0 0.9 0.9
2000 Hertz 0.9 1.1 0.7 0.9 1.1 0.6 1.0
4000 dertz 8.5 3.3 8.6 8.3 8.1 8.7 9.1
600C Hertz 11.1 9.8 10.6 10.8 11.2 12.0 12.4
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TABLE 19. MEDIAN HEARING LEVELS IN DECIBELS RE AUDIOMETRIC ZERO 4
(ANSI-1969) IN GIRLS BY AGE: 6-11 YEARS, UNITED STATES, 1963-65
(FROM ROBERTS AND HUBER, 1970).

Total
Ear and tonal 6-11 6 7 8 9 10 11
frequency years  yrs. yrs. yrs. yrs. yrs., yrs.

Right ear

500 Hertz 6.3 8.5 7.4 5.9 6.4 4.8 4.7

1000 Hertz 3.2 4.6 3.8 3.2 3.8 1.9 1.7

2000 Hertz 0.8 1.5 1.5 0.6 0.6 0.1 0.2 J
4000 Hertz 2.5 3.3 2.6 2.4 2.7 2.0 2.2

6000 Hertz 10.9  11.6  11.7  10.3  11.2 9.8  10.6 ’
Left ear :

500 Hertz 6.4 7.8 7.5 6.0 6.4 4.8 5.1 :
1000 Hertz 3.0 4.4 4.0 2.8 3.3 1.8 1.7

2000 Hertz 0.8 1.8 1.6 0.5 0.6 0.2 -0.3

4000 Hertz 3.0 3.3 3.6 3.0 3.3 1.9 3.1

6000 Hertz 1.4 11.2  12.4  10.3  11.7  11.7  11.7

Better ear

500 Hertz 4.7 6.4 6.0 4.1 4.6 2.9 3.2

1000 Hertz 1.5 2.8 2.2 1.4 1.7 0.2 -0.3

2000 Hertz -1.2  -0.2  -0.3 -1.3 -1.6 -1.9  -2.0
4000 Hertz 0.5 1.2 1.1 0.3 0.8  -0.4 0.1

6000 Hertz 8.1 85 8.8 7.5 8.0 7.5 8.1 ;




TABLE 19A. MEDIAN HEARING LEVELS IN DECIBELS RE AUDIOMETRIC ZERO
1 (ANSI-1969) IN GIRLS BY AGE: 12-17 YEARS, UNITED STATES, 1966-70
(FROM ROBERTS AND AHUJA, 1975).

Total
. Ear and tonal 12-17 12 13 14 15 16 17
frequency years yrs. yrs, yrs. yrs. yrs. yrs.
: Right ear
500 Hertz 7.0 7.4 7.3 6.8 7.3 6.7 6.6
, 1000 Hertz 2.0 2.5 2.1 2.1 2.0 1.7 1.8
| 2000 Hertz 1.8 1.5 1.7 1.8 2.1 1.9 1.7
4000 Hertz 8.7 9.0 8.8 8.6 8.7 8.5 8.2
6000 Hertz 11.2 11.1 11.1 11.3 11.5 11.7 10.7
Left ear
500 Hertz 7.4 7.6 1.0 7.4 7.3 6.7 1.4 5
i 1000 Hertz 2.3 2.4 2.4 2.3 2.1 2.4 2.1 l
2000 Hertz 2.0 2.0 2.1 1.9 2.5 2.0 1.8
. 4000 Hertz 9.7 9.7 10.1 9.7 9.8 9.5 9.4
6000 Hertz 12.4 11.3 12.8 12.3 12.9 13.3 12.2
Better ear ]
500 Hertz 4.9 5.5 5.3 4.8 4,8 4,2 5.0
1000 Hertz 0.8 1.0 0.8 0.9 0.8 0.8 0.7 %
2000 Hertz 0.3 0.1 0.2 0.4 0.7 0.4 0.1 2
4000 Hertz 6.8 7.2 7.1 6.8 6.8 6.4 6.5 #
6000 Hertz 9.2 8.7 9.0 9.3 9.6 9.6 9.1
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5 TABLE 20. MEDIAN HEARING LEVELS IN DECIBELS RE AUDIOMETRIC ZERO
! (ANST-1969) IN FELS BOYS 6-11 YEARS OF AGE.
Total
Ear and tonal 6-11 6 7 8 9 10 11
frequency years  yrs. yrs. yrs. yrs. yrs. yrs.
! (Sample Size) (52) (9 9) (8) 9) @) (10)
f Right ear
500 Hertz 0.0 2.0 0.0 1.0 0.0 0.0 0.0
E ; 1000 Hertz 0.0 0.0 0.0 -2.0 0.0 0.0 0.0 1
- 2000 Hertz 0.0 4.0 0.0 5.0 2.0 2.0 -3.0 |
; ,
4000 Hertz 2.0 2.0 6.0 1.0 4.0 6.0 -2.0 %
6000 Hertz 4.0 0.0 2.0 6.0 4.0 2.0  -2.0
: Left ear ?
, 500 Hertz 0.0 2.0 0.0  -1.0 1.0 0.0  -1.0 !
Z f 1000 Hertz  -2.06 0.0 4.0 1.0 -4.0 0.0 3.0
2000 Hertz -2.0 4.0  -2.0 4.0 -1.0 -2.0 -8.0
) 4000 Hertz 2.0 0.0 2.0 4.0 2.0 4.0 =20
6000 Hertz 4.0 4.0 4.0 6.0 5.0 4.0 1.0
E i
Better ear
500 Hertz -2,0 0.0 -2.0 =-2.0 -2.0 0.0 -3.0
1000 Hertz -2.0  -4.0 0.0 -2.0 -4.0 -2.0 =3.0
2000 Hertz -2.0  ~6.0  -4.0 4,0 -2.0 -2.0 -8.0
4000 Hertz 0.0 0.0 0.0 0.0 0.0 2.0 -3.0 i
6000 Hertz 0.0 0.0 2.0 5.0 2.0 0.0 -3.0 '
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i TABLE 20A. MEDIAN HEARING LEVELS IN DECIBELS RE AUDIOMETRIC ZERO
(ANSI-1969) IN FELS BOYS 12-17 YEARS OF AGE.
;
k
Total
Ear and tonal 12-17 12 13 14 15 16 17
frequency years  yrs. yrs. yrs. yrs. yrs. yrs.
i (Sample Size) (80) @) (13) (24) (12) (15) (9)
3 \
Right ear
: 500 Hertz 0.0 2.0 0.0 -1.0 -2.0 0.0 0.0
] 1000 Hertz -2.0 0.0 -4.0 -2.0 -2.0 0.0 0.0
2000 Hertz -2.0 -2.0 -6.0 0.0 -4.0 2.0 -4.0
4 4000 Hertz 2.0 -2.0 -4.0 4.0 1.0 4.0 -2.0
6000 Hertz 0.0 6.0 -6.0 0.0 0.0 6.0 4.0
Left ear
: 500 Hertz -2.0 0.0 -2.0 -2.0 0.0 -2.0 -2.0
1000 Hertz -4.,0 -4.0 ~-4.0 -4.0 0.0 -2.0 -2.0
2000 Hertz -4.0 -6.0 -6.0 -2.0 -4.0 -4.0 -6.0
4000 Hertz 0.0 -2.0 -2.0 1.0 0.0 2.0 0.0
6000 Hertz 2.0 4.0 -4.0 0.0 2.0 4.0 -4.0
Better ear
500 Hertz -2.0 0.0 -4.0 -4.0 -3.0 -2.0 -6.0
1000 Hertz =4.0 -4.,0 -6.0 ~4.0 -4.0 4.0 -2.0
2000 Hertz -6.0 -6.0 -6.0 -4.0 -6.0 -4.0 -6.0
4000 Hertz -2.0 -2.0 -6.0 -2.0 ~1.0 2.0 -4.0
6000 Hertz -2.0 4.0 ~-8.0 -4.0 0.0 0.0 -4.0
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4
L TABLE 21, MEDIAN HEARING LEVELS IN DECIBELS RE AUDIOMETRIC ZERO
I (ANSTI-1969) IN FELS GIRLS 6-11 YEARS OF AGE.
t
’ Total
1 ,; Ear and tonal 6-11 6 7 8 9 10 11
o frequency years yrs. yrs. yrs. yrs. yrs. yrs.,
- (Sample Size) (44) (8) (8) @) (7) (8) (6)
E .
; Right ear
500 Hertz 0.0 2.0 4.0 4.0 0.0 -3.0 -3.0
F
- 1000 Hertz 0.0 5.0 0.0 2.0 =4.0 0.0 -3.0
' 2000 Hertz -1.0 -2.0 0.0 0.0 4.0 1.0 -5.0
¢
. 4000 Hertz 2.0 0.0 3.0 8.0 4.0 -1.0 -3.0
! 6000 Hertz 2.0 2.0 1.0 6.0 4.0 0.0 2.0
Left ear
500 Hertz 0.0 1.0 4.0 6.0 1.0 -2.0 0.0
= 1000 Hertz ~ -2.0 -5.0 0.0 0.0 -2.0 4.0  -2.0
! 2000 Hertz -2.0 2.0 2.0 -2.0 -5.0 -7.0 -8.0
' 4000 Hertz 2.0 7.0 4.0 2.0 2.0 -1.0 -5.0
! 6000 Hertz 2.0 4.0 0.0 4.0 4.0 3.0 0.0
Better ear
3 500 Hertz 0.0 0.0 0.0 4.0 0.0 -5.0 =3.0
|
: 1000 Hertz -2.0 1.0 0.0 0.0 -4.0 -6.0 -3.0
2 2000 Hertz -4,0 -2.0 0.0 -2.0 -6.0 -7.0 -9.0
4000 Hertz 0.0 0.0 0.0 2.0 2.0 -3.0 -6.0
6000 Hertz 0.0 2.0 -1.0 2.0 4.0  =2.0 0.0
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! TABLE 21A. MEDIAN HEARING IN DECIBELS RE AUDIOMETRIC ZERO
(ANSI-1969) IN FELS GIRLS 12-17 YEARS OF AGE

N Total

i Ear and tonal 12-17 12 13 14 15 16 17
: frequency yrs. yrs. yrs. yrs. yrs. yrs. yrs.
' (sample size) (95) (13) @27 (31) (7N (11) 7N
f
Right ear
500 Hertz -2.0 -1.0 0.0 =-2.0 -4.0 -4.0  -2.0
5 1000 Hertz 4.0 0.0 -2.0 -4.0 -4.0 -6.0 4.0
2000 Hertz 2.0 0.0 -2.0 4.0 =2.0 0.0 4.0
4000 Hertz 0.0 0.0 0.0 0.0 4.0 0.0 ~4.0
6000 Hertz 0.0 -4.0 0.0 2.0 2.0 2.0 4.0
; : Left ear
" 500 Hertz  -4.0 -3.0  -4.0 ~2.0 -6.0 4.0  -8,0
; 1000 Hertz  =4.0 4.0  -4.0 -6.0 -6.0 -6.0  -6.0
-, 2000 Hertz  ~-6.0  -4.0  -4.0 6.0  -4.0 -6.0  -10.0
4000 Hertz 0.0 0.0 0.0 0.0 0.0 2.0 -2.0
6000 Hertz 0.0 3.0 0.0 -2.0 0.0 2.0 0.0
1 Better ear i
500 Hertz  -4.0  ~3.0 -4.0 -2.0 -6.0 -4.0  -8.0
1000 Hertz -6.0 -4.0 -6.0 6.0 -6.0 -8.0  =6.0 J
2000 Hertz  -6.0 ~6.0  -4.0  -6.0 4.0 -6.0 ~10.0
4000 Hertz 2.0 -6.0 0.0 -2.0 0.0 -4.0 ~4.0
6000 Hertz  -4.0 -6.0 =-4.0 =4.0 0.0 0.0 0.0
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serial studies to establish the +true changes that are
occurring. Although the best reference data available are
probably those from NCHS there are differences between the
NCHS and Fels samples, e.g., sample sizes, age range, racial
distribution, geographical distribution, screening and
testing procedures.

Increments - The increments are the changes in
threshold Jlevels from one visit to the next. They are

calculated so that a positive value indicates a rise in
threshold and, therefore, a change in the direction of a

hearing loss. The calculations are made from pairs of
examinations since 26 January 1976 and represent a time
interval of 5 to 7 months. The total number of increments

is 78. The age distribution of the children at the most
recent examinations is given in Table 22.

The increments for the entire sample, with ages and
sexes combined, are presented in Figures 22 through 31.
Table 23 gives the summary statistics for these
distributions. None of the distributions have significant
skewness but there 1is significant kurtosis, at 1000 Hertz in
the right ear (Figure 24).

Only the mean increments for the higher frequencies
(6000 Hertz, right ear; 4000 Hertz, left ear) are
significantly different from zero as determined by t-test
(Table 23). Positive mean increments that are significantly
different from zerc for the higher frequencies imply a shift
in the direction of hearing 1loss 1is occurring at these
frequencies.

To determine which subgroup of the sample, if any, is
contributing most to this effect, Tables 24 through 31 are
presented. Because there are so few increments for each age
interval, the age differences that will be examined are those
between two age groups: 6 to 11 years old and 12 to 17
years old, using the age at most recent .xamination. In some
categories, the sample sizes are quite small.

Tables 24 and 25 give the distribution statistics for
threshold increments for children 6 to 11 years old and 12 to
17 years old, respectively. The increments are greater at
4000 and 6000 UWHertz than at the lower frequencies; this is
true in both age groups. However, the only mean increment to
be statistically different from zero {(p < 0.05} is that at
4000 Hertz (left ear) in the older children.

Tables 26 and 27 present the summary statistics of
increments for boys and girls, respectively. The trend
toward larger mean increments at the higher frequencies is
present in both sexes, hut is more pronounced in boys. In
boys, the mean increments are significantly different from
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TABLE 22. AGE DISTRIBUTION
OF CHILDREN WITH AUDITORY
THRESHOLD LEVEL 6-MONTHLY

INCREMENTS
Age in Boys Girls
years
; 5.75- 5.74 O 1
6.75- 7.74 2 3
| 7.75- 8.74 2 4
8.75- 9.74 3 1 g
9,75-10.74 2 3
) 10.75-11.74 3 1
11.75-12.74 3 3
12.75-13.74 2 9
13.75-14.74 10 10
14.75-15.74 1 1
15.75-156.74 4 4
15.75-17.74 4 2
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TABLE 23 - DESCRIPTIVE STATISTICS OF SIX-MONTHLY INCREMENTS
IN AUDITORY THRESHOLD LEVELS I.i TIiE STUDY SAMPLE (BOYS
AND GIRLS COMBINED)

FREQUENCY

(HERTZ) N MEAN
RIGHT FAR

500 76 1,24
1000 78 0,46
2000 78 -0.28
4000 77 1.48
6000 77 2.00
LFFT FAR

500 72 -0,11
1000 7% 0.03
2000 74 0.97
4000 73 3,73%
6000 73 0,79
BETTER FAR

500 76 -0,4?
1000 78 0,09
2000 78 0.21,
4000 77 2.52
6000 77 1.19
LEFT=RIGHT DIFFERENCES
500 72 1.06
1000 75 0.51
2000 74 1,43
4000 73 2.14
6000 73 -1,15
FREQUENCY

(HERTZ) MTN 10
RIGHT FEAR

500 «20 =10,0
1000 24 8,2
2000 -14 “6.2
4000 14 8,0
6000 -18 ~6.4
LEFT EAR

500 “-24  =11,4
1000 =18 -8,.8
2000 12 6.0
4000 .12 6,0
6000 -20 13,2
BETTER EAR

500 “16 10,0
1000 -14 -8,0
2000 -12 6,0
4000 -l? “6,0
6000 -16 10,0
LEFT=RIGHT DIFFERENCES
500 16 8,0
1000 ~18 6.0
2000 -16 “4,0
4non 18 1,2
'YL .32 “14,0
*o1<ps.05

..p .Gl

SD SKEW
7.10 0,10
7.19 -0,01
5,12 =0.15
6.70 =0.02
T.87 0,01
8,16 -0,07
6,61 =0,08
5,82 0,43
7.07 0,18
10.47 0,08
6,70 0,09
6,17 0,69
5.01 '0.02
6,33 0,10
7.94 0,18
7.28 -0,04
6.30 0.27
6,01 0,52
8.133 0.0h
10.51 -0.63
PERCENTILES
25 MEDTAN
~6,0 =2.0
=4,0 0,0
=2.5 0.0
«3,0 2,0
=-4,0 2.0
«4,0 0.0
2,0 0,0
-2,0 0,0
0,0 4,0
-8,0 0,0
4,0 0,0
“4.0 0.0
4,0 0.0
=2.0 2,0
4,0 0,0
-4,0 1.0
-4,0 0,0
.200 0.0
=2.0 0.0
6,0 0.0

80

PSKEW

0,9948
1.0000
0.9379
1.0000
1,0000

0,99496
0.9992
0,1228
00,8790
0.9990

00,9965
0.0115%
1,0000
0.9941
0.8844

1,0000
0,6869
0,0614
0.9999
0,0243

KURT

0.12
1.95
0.21
-0.74
0,08

0.08
0,58
0,51
=0.135
~-0,82

0.n9
1,39
0,06
=-0,49
-0.06

0.10
1.38
1.89
0,10
0,08

f= g Re 0 - )
*e o o &
D000

-

PKURT

1.0000
0,n006
0.987R
0.9789
1.0000

1.0000
0.2935
00,7172
0,R922
0.1368

1,0000
0.0102
1.0000
0,7346
1.0000

1.,0000
n,0119
00,0011
t.0000
1.0000

kv
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FIGURE 22 - FREQUENCY DISTRIBUTION OF SIX~-MONTHLY INCREMENTS
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FIGURE 23 - FREQUENCY DISTRIBUTION OF SIX-MONTHLY INCREMENTS

(DECIBELS) FOR CHILDREN AGED 6-17 YEARS MEASURED AT 500 HERTZ
IN THE LEFT EAR
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(DECIBELS) FOR CHILDREN AGED 6-17 YEARS MEASURED AT 1000

HERTZ IN THE RIGHT EAR

169 L1 EAR

S
>
|

o o O N
L. 1 1 |

NUMBER OF PARTICIPANT

1000 HERTZ

| e — T | D
-24 -20 -16 -12 -8 -4 0 4 8 12
INCREMENT

1
16 20 222
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(DECIBELS) FOR CHILDREN AGED 6-17 YEARS MEASURED AT 1000
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FIGURE 27 - FREQUENCY DISTRIBUTION OF SIX-MONTHLY INCREMENTS
(DECIBELS) FOR CHILDREN AGED 6-17 YEARS MEASURED AT 2000
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FIGURE 28 - FREQUENCY DISTRIBUTION OF SIX-MONTHLY INCREMENTS
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FIGURE 29 - FREQUENCY DISTRIBUTION OF SIX-MONTHLY INCREMENTS

(DECIBELS) FOR CHILDREN AGED 6-17 YEARS MEASURED AT 4000
HERTZ IN THE LEFT EAR
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FIGURE 30 - FREQUENCY DISTRIBUTICN OF SIX-MONTHLY INCREMENTS
(DECIBELS) FOR CHILDREN AGED 6-17 YEARS MEASURED AT 6000
HERTZ IN THE RIGHT EAR
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FIGURE 31 - FREQUENCY DISTRIBUTION OF SIX-MONTHLY INCREMENTS
(DECIBELS) FOR CHILDREN AGED 6-17 YEARS MEASURED AT 6000
HERTZ IN THE LEFT EAR
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' TABLE 24 ~ DESCRIPTIVE STATISTICS OF SIX-MONTHLY INCREMENTS I
AUDITORY THRESHOLD LEVELS IN 6-11 YEAR OLDS (BOYS AND GIRLS COMBINED)
FREQUENCY
(HERTZ) N MEAN sn SKFW PSKEW KURT PKURT
RIGHT FAR
) 500 24 =0.50 6.76 «0.1% 0,9977 0.83 0_.7319
. 1000 25 0.00 9,26 -0,05 1.,0000 0.6 0,7039
‘ 2000 25 0.48 4,81 0.5% 0,2126 0.%% 0,R999
4000 24 1,42 6.11 0.54 00,2562 0.23  0,9998
6000 24 2,08 7.70 0,20 0,9343 -0,48 0,9477
LEFT EAR
500 20 0.90 9,48 -0,60 0,2413 0.34 0.99%4 :
1000 23 0,52 8.83 -0,28 0,9142 -0.A8  0,R3113 !
2000 23 0.7k 5.68 «0,36 0,R231 -0,82 00,7463 ;
4000 21 1.81 6.72 0,17 0,9963 «0.49  0,9%4%
' 6000 21 -0,19 10.93 0,39 0,7992 =0.79  0,780n
BETTER EAR
500 24 0.50 6,83 0,06 1,0000 -0.22  0,9998
1000 25 0,48 7.69 0,51 06,2730 0.30 0,904
2000 25 0.48 5.07 0.45 00,6948 «0.06 1.0000
4000 24 1.50 h.78 0,24  0,9485% 0,21 0.9999
6000 24 -0,25 8.135 0.51 0,2802 -0.14 1.0000
LEFT=RIGHT DIFFERENCES
500 20 1.00 7.91 0,01 1.0000 -0,40 0,9867
1000 23 =0,43 Re29 0.13 0,9996 0.27  0.9990
2000 23 0.43 5,53 =0,61 0,2022 1.5  0,0881
4000 21 =0,10 8,26 0,06 1.0000 -0,57 0,9149
s 6000 21 -2.57 10.22 «0,19  0,9922 ~1,44 0,1360
PERCENTILES
, FREQUENCY i
(HERTZ) MIN 10 25 MED AN 15 90 MAX
RIGHT FAR
] 500 =18 =9,0 4,0 0,0 4,0 7.0 16
E 1000 =24  =10,4 6,0 0.0 4,0 13.6 22
v 2000 -8 6.0 =2,0 0,0 4.0 6.0 14
4000 -8 7,0 =3,5 1.0 Se5 9.0 18 !
6000 14 -7.0 =3,5 1.0 7.5 14.0 18 i
LFFT EAR 1
500 =24 =11.6 =4,0 1.0 7.5 11.8 18 .
1000 -18 =14,0 «4,0 0.0 4,0 11.2 16 j
2000 =10 =9,2 2,0 2,0 4,0 8.0 10 }
4000 -12 6,0 =-3,0 2,0 6.0 1t.6 16 1
6000 «20 =19,2 7,0 0,0 7.0 11.6 20 {
BETTER FAR L
500 -14 -9,0 -4,0 1.0 5.5 9.0 16 .
1000 14 ~10,0 -4,0 0,0 4,0 11.2 20 P
2000 -8 6.0 -3,0 0.0 4,0 8.0 14 :
4000 1?2 7.0 -4,0 2.0 5.5 10,0 18
6000 =14 =11,0 «7,0 1.0 4,0 13,0 20 p
, LEFT=RIGHT DIFFFERFNCES 1
500 -14 =11.8 -4,0 2.0 4,0 .8 18 !
1000 18 =13,2 4,0 0,0 6.0 9.6 20 i
2000 =16 =-4,0 2,0 0.0 4,0 7.2 12
4000 -18 “9,6 * 5,0 2,0 7.0 11.6 16 1
6000 =20 =17.2 «13,0 2.0 6,0 9.6 14
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TABLE 25 - DESCRIPTIVE STATISTICS OF SIX-MONTHLY INCREMENTS
. IN AUDITORY T:RESIOLD LEVELS IN 12-17 YEAR OLDS (BOYS AND
GIILS COMBINED)

FREQUENCY
b (HFERTZ) N MEAN 1)) SKEW PSKEW KURT PKURT
¢ RIGHT EAR
R 500 52 1,58 7.29 -0,05 1.0000 ~0.23 0.9939
. 1000 53 0,68 6.08 -0,07 0,9999 1.49 0,0208
: 2000 53 -0.64 5.27 -0,37 0,261S ~0.23 0,9936
4000 53 1.51 7.00 «0,19 0,9102 -0.44 0,R246
6000 53 1.96 8,02 =0,09 0,999 0,17 0,999%
LEFT FAR
500 52 0,50 7.66 0.24 0,R311 =0.31 0.9639
1000 52 0.27 5.45 0.54 0,102) 0,76  0.2432
' 2000 St 1.06 “%.94 0.72 0,0295 0,82 0,209
: 4000 52 4.50* 9,12 0.16 0.9658 -0.42  0.RR4%
6000 52 1.19 10,36 0.08 00,9999 -1.03  0,1108
RETTER EAR
500 52 0,85 6.66 0,10 0,998} 0,13 1,0000
1000 53 “0.15% 5.38 0.72 0,0271% 1.52  0,0180
2000 53 =0.11 5,00 0,25 0.,8138 0,18 0.9992
4000 53 2.95 %% 6,12 -0,26 0,7911 -0,6% 0.2967
. 6000 53 1,8% 7,74 0.02 1,0000 0,05 1,0000
LEFT=RIGHT DIFFERENCFS
500 52 1.08 7.1 «0,06 1.0000 0,20  0.99RS
L 1000 52 0.92 5,23 0,81 0.0143 0,81  0,19R0
; 2000 51 1.8% 6.21 0.83 0,0134 1.46  0,0256
. 4000 52 3.048% 8.27 0.06 1,0000 0.26 0,9860
F 6000 52 «0,58 10.67 ~0.,80 0,0159 0.6 00,6966 i
1 E:
PERCENTILES
q
FREQUENCY
(HERTZ) MIN 10 ‘2% MEDIAN 75 90 MAX
RIGHT EAR
500 «20 11,4 =60 =2.0 4,0 8.0 14
1000 -18 9,2 4,0 0,0 2.0 6.0 18 1
2000 ~14 -9,? «4,0 0.0 4,0 6.0 10 ;
4000 ~14 -8.0 3,0 2.0 6.0 10,0 16
f 6000 -18 7.2 -~4,0 7.0 6,0 12,0 20
] LEFT EAR
‘ 500 ~16 =11.4 6,0 0,0 4.0 10,0 18
1000 -10 -8,0 2.0 0,0 2,0 7.4 16
2000 {2 “h,0 2,0 0.0 4,0 10.0 20
4000 =10 6,0 0.0 4,0 9.% 12.0 20
6000 =20 =12.0 -8,0 1.0 11.5 14.0 24
HETTER FAR
S00 =16 10,0 -5.5 0.0 4,0 5.4 14
1000 10 8,0 4,0 0,0 2.0 6.0 18
2000 't? '7.?. '4-0 0.0 4-” 600 1?
4000 -10 6,0 0,0 4.0 8.0 11.2 14
6000 -16 9,2 -3,0 2.0 8,0 10,0 24
LEFT~RIGHT DIFFERFNCES
500 -16 -R,0 1,5 0.0 6.0 10,0 18
1000 -8 5,4 2,0 0,0 4,0 8,0 1R
2000 10 5.6 -2.0 2.0 6.0 10,0 24
4000 -18 %, 4 «2,0 2.0 8,0 16,0 22
a000 «32 ~14,0 ) 0,0 8.0 12.0 16
* 01< pg 0o
b ps.6l
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TABLE 26 - DESCRIPTIVE STATISTICS OF SIX-MONTHILY ,
INCREMENTS I AUDITORY THRESHOLD LEVELS IN BOYS

FREQUENCY

(HERTZ) N MEAN sD SKEW PSKEW KURT PKURT
RIGHT FAR
500 36 ~1,06 7.46 “0,45 00,2527 0.15 1,0000
, 1000 36 «0.44 7.62 0,05 1,0000 3,00 0,0003
. 2000 36 1.00 4,60 0,05 1,0000 1.21 0.1127
; 4000 36 2.44% 6.76 0.04 11,0000 0.07 11,0000
: 6000 16 1.94 6.80 0,21 0,9412 0.15 1.0000
LEFT EAR
500 36 -0.94 8,22 «0,36 0.,7211 0.17 0.9999
1000 16 -0,28 5,80 0,13 0,9959 0.73 0,70%9
2000 36 2.39* 5,61 0,84 00,0318 0,78  0.3111
! 4000 36 3. R3I** 6.80 0.01 1.0000 -0.32 0,982%
~ 6000 16 0.50 10,00 0,27 0,8554 -1.03  0.1777
RETTER FAR
500 36 -0,06 6.67 -0,07 1,0000 -0,02 1,0000
1000 36 0.11 6,81 0.64 0,1017 1.47 0,0%135
2000 36 1.72 4,78 0.04  1,0000 -0.01 1.0000
4000 36 3.268%* 6,38 «0,18 0,9695 «0,16 1.0000
6000 36 0.72 7.25 0.03 1,0000 0,77 0,6809
LEFT=RTGHT DTFFFERENCFS
500 36 0.11 7.50 -N,04 1,0000 -0.46 0,9069
1000 36 0.17 5.54 0,94 0,0163 2.68 0,0009
2000 36 1,39 6.073 1,54  0,0002 3.4 0,0001
, 4000 36 1.39 9,12 -0,11  0,9995 «0.25 0,9976
‘ 6000 36 -1,44 10,31 «0,70 0,077 «0,16 1,0000

PERCENTILES

' FREQUENCY

(HERT?) MTIN 10 25 MEDTAN 75 90 MAX
RIGHT FAR

500 =20 10,6 5.5 0,0 4,0 8,0 14
1000 =24 =8.6 4,0 0.0 3.5 4,0 22
2000 =12 =4,0 -2,0 0,0 4,0 6,0 14
4000 =14 “bh,6 2,0 3.0 6.0 11.2 iR
6000 -14 -6.6 -2.0 2,0 4,0 12.0 1R
LEFT FAR

500 24 -12,0 5.5 0,0 5.5 10,0 16
1000 14 8,6 «3,5 0,0 2,0 6.6 16
2000 -6 -4,6 =2.0 2.0 6.0 10,0 20
4000 =12 *6,0 0,0 4,0 9.5 12.0 20
6000 20 -14,6 8,0 2,0 8,0 14,0 18
BETTER FAR

500 14 -10,0 -2.0 0.0 4,0 7.8 14
1000 -14 -10,0 =2.,0 0.0 2.0 6.6 20
2000 «10 =4,0 «2,0 2,0 6.0 8,0 14
4000 -12 6,0 1.5 4,0 T5 10.6 18
6000 =14 -8,.,6 4,0 0,0 6,0 9,2 16
LEFT=RIGHT DIFFEREMCES

500 -16 10,6

1000 12 =6,0
2000 -8 4,0

4000 -18 =10,4
6000 30 -15,2

* 01<pg.ls

** p£.01




TABLE 27 - DESCRIPTIVE STATISTICS OF SIX-MONTILY

. INCREMENTS Iii AUDITORY THRESHOLD LEVELS IN GIRLS
FREQUEFNCY
{HERTZ) N MEAN sD SKEW PSKEW KURT PKIRT
RIGHT EAR
' 500 40 -1.40 6.84 0.30 0.7809 -0.08  1.0000
' 1000 42 -0,48 6,90 «0,09 0,9994 0,22 0,9984
' 2000 42 -1,38 5.35 0,12 0,9979 -0,53 0,R292
! 4000 a1 0.63 6.61 -0,10  0,9995 «0,75 0,299?
: 6000 41 2,05 8,79 0,04 1,0000 -0,27 0.9926
LEFT EAR
i 500 36 0.72 8.13 0,23 0,9120 «0.43  0,9285
{ 1000 39 0,31 7.35 -0.21 0,9274 0.20 0,9994
2000 18 -0,37 5,77 0.16 0,9837 =0.32 0,980
. 4000 37 3,67%* 7.4 0,31 0.7926 «0.50 0,R712
e 6000 37 1,08 11,04 0.05 1.0000 -0.84 0.2663 4
RETTER EAR t
500 40 -0.7% 6.79 0.23 0.8977 0.09  1.0000 '
: 1000 42 0.00 5.64 0.70  0,0532 0.49 0.R62R
] 2000 42 1,10 4.88 0,04 1,0000 «0.04 1.0000
4000 41 1.85 6,28 -0,03 11,0000 -0.87 0.2291
6000 41 1.61 8.57 0.20 0,9329 0,01 1.0000
] LEFT=RIGHT DIFFERENCES
500 36 2.00 7.04 0.01 1.0000 0.58 0,8167
3 1000 39 0.82 6,98 0,10  0,9997 0.5 0.7974
i 2000 I8 1.47 6.07 <0.48  0.2061 0.22 0.99R7
4000 37 2.86 % 7.54 .48  0.2104 -0,02 1,0000
’ 6000 37 “0.8h 10,84 «0,56 0,1497 0.1 1.0000

PERCENTILES

' FREQUENCY
(HERTZ) MIN 10 25 MEDTAN 15 90 MAX
‘ RIGHT FAR
500 16 =10,0 “6,0 2,0 2.0 8.0 16
: 1000 .18 -9,4 -4,0 0.0 2.5 8.0 16
4 2000 -14 -9,4 6,0 -2.0 4.0 5.4 10
4000 -14 «8.0 -4,0 0.0 6.0 9.6 14
6000 -18 «7.6 .4,0 2.0 8.0 15,2 20
LFFT FAR
500 16 =10.6 -4.0 0.0 640 12.6 18
. 1000 18  =10,0 -2.0 0.0 4,0 12,0 16
, 2000 -12 -R,? -4.0 0.0 2.5 8.2 12
4000 -10 “6.0 .1,0 2.0 8.0 12.8 20
6000 =20 =12.4 «7.0 0.0 11,0 14,8 24
BETTER EAR
500 -16 -9.8 6,0 0.0 4.0 6.0 16
1000 “10 «7.4 4,0 0.0 2.0 8.0 16
2006 -12 “8,0 -4,0 0.0 2.0 4.0 12
4000 =10 -6,0 «3,0 2.0 7.0 10,0 14
6000 16 ~=11.6 -4,0 0.0 8,0 10,0 24
LFFT=RTIGHT DIFFERFNCES
500 -16 “6.6 «2,0 2.0 5.5 12.0 18
1000 -18 “6.0 ~4,0 0.0 4,0 12.0 18
2000 .16 “6.2 «2,0 1.0 6.0 10.0 12
4000 .12 “6.0 -3,0 2.0 8.0 16,0 22
6000 ’32 “4-“ .600 .200 8.0 ‘4.0 16

* ,01<4pg .05
*n pg.Ch
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zero (p < 0.05) at 4000 Hertz for the right and left ears and
at 2000 Hertz in the left ear. 1In the girls, however, only
at 4000 Hertz in the left ear is the mean increment
statistically significantly different from zero (p < 0.05).

When comparisons are made by age groups, as expected,
positive mean increments at higher frequencies tend to be
more evident in the older age group. Tables 28 and 29
present these data for males, and Tables 30 and 31 present
the data for females. The Spearman rank correlations between
age and 6-month auditory threshold increments were computed
for right, 1left, and better ear (Table 32). For sexes
combined there are no signficiant correlations; however, when
sexes are analyzed separately, a striking trend becomes
apparent. In boys the correlation coefficients, while
generally small, are all positive. A few are significant at
the .05 1level of significance. 1In girls, while none of the
correlations are significant, all are negative. In both
cases the sample size is small and may account for either the
lack of significance or a spurious trend. If this trend is
real, it implies that in boys increments tend to increase as
the boys get older, indicating hearing loss, while the
opposite is true in girls. This trend is consistent with the
significant positive correlations between age and the
threshold levels in girls.

Lateral Differences ~ The mean thresholds for the left
ear are consistently lower than right ear means at
corresponding frequencies. This may be an artifact of our
testing procedure. As the right ear is always tested first,
better performance due to practice and familiarity with the
tone might be expected for the left ear. The mean of the
lateral individual differences is often in the range of -1 to
-2 decibels, indicating consistently higher thresholds in the
right ear.

Table 8 gives the descriptive statistics for left less
right auditory thresholds at each frequency. Differences
that are significantly different from zero, as determined by
a t-test, occur at the lower frequencies (500, 1000, and 2000
Hertz). All mean differences are negative indicating lower
thresholds (i.e., better hearing) in the 1left ear. The
levels of significance may be altered by the significant
deviations from normality of the distribution of the
differences at some frequencies. However, significant
differences are consistent with the trend found in the right
and left ear threshold means. The effect seems to be present
in both boys and girls, (Tables 9 and 10) and more pronounced
in the older children (Tables 15 and 16).

There are no significant lateral differences at any
frequencies between boys and girls in either age group (6 to
ll-year-olds; 12 to l17-year-olds) with a single exception at
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| TABLE 28 - DESCRIPTIVE STATISTICS OF SIX-MONTHLY INCREMENTS IN
AUDITORY THRESHOLD LEVELS 1IN BOYS 6-11 YEARS OLD
: FREQUENCY
(HERTZ2) N MEAN SD SKEW PSKEW KURT PKURT
RIGHT EAR
500 12 -1.00 7.11 -1,00 n.1133 0.27 0.9999 i ]
1000 12 «2.00 11,22 o.11 1.,0000 0.12 1,0000 !
. 2000 12 1,83 5,22 0,76 0,234 0,03 1.0000 :
. 4000 12 2.17 6.46 0,75 0,.2413 0,74 0,9082 ;
: 6000 12 2.00 8.27 0,02 1,0000 -0,74 0.9074 1
i LEFT EAR :
500 12 =-3,33 8.71 =0,85 0.,1812 0,13 1.0000 i
1000 12 1,17 6,29 «0,40 0.8904 .0, 3% 0,9991 3
2000 12 2.67 4,177 0,10 1,0000 -1,19 0.6978
4000 12 0.33 5,84 -0,.43 0.8622 -0.47 0.,9917
' 6000 12 -2.83 10,14 «0,4% 0,8444 -1,46 0,23%7
: BETTER EAR
500 12 -0,83 5,81 -0,80 0.,2074 -0,24 1.0000
1000 12 -0,83 8,72 0,69 0.2R14 0.37 0,99R84
2000 12 3.17 5,29 0,3 0,9636 «0,4%6 0.97130
4000 12 1.83 7.51 0,13 0.9456 -0,06 1,.0000
6000 12 -1,.33 8,24 0,39 0.,9007 0,65 0.9454
LEFT=RIGHT DIFFERENCES
; 500 12 -2,33 7.02 -0.14 0,9999 -1,06 0.7512
b 1000 12 0,R3 8.07 0.76 0,2337 0.30 0.999R
{ 2000 12 0.83 3,86 0,36 0.,92%7 -1.21 0.6874
> 4000 12 -1,83 8,07 -(0,03 1.0000 -0,47 0.,9911
, 6000 12 -4,8% 11,36 0,17 0.9995 1,60 0.1916
b r
PERCENTILES ]
FREQUENCY ]
(HERT?) MIN 10 25 MEDTIAN 75 90 MAX
' RIGHT EAR
500 14 15,6 -2.0 0,0 4,0 7.4 8 3
1000 =24 =21.0 *7,.,5 =2,0 4,0 16.6 22
2000 -6 “4,.8 «2,0 1.0 5.5 11.6 14
4000 -8 -7.4 0,0 2.0 4,0 14.4 1R
6000 “14 -11.0 ~3,5 1.0 10,0 14,8 16
LEFT EAR
500 -24 =20.4 7.0 4,0 3.5 7.4 3]
1000 -14 «12,8 -3,5 1,0 2.0 8,2 10
2000 -5 4,8 -1,5 2,0 7.5 9,4 10
4000 12 -10,2 3,5 1.0 4,0 8.8 10
6000 «20 -18.8 .14,% 0.0 6,0 8.8 10
BETTFR FAR
500 -14 12,2 -31,5 0,0 3.5 6.0 6
1000 -14 -12.8 ~R,0 -1,0 3.5 15.2 20 i
2000 -6 -l B 0.0 2.0 7.5 12.2 14 e
4000 1?2 -9,6 -3,% 2.0 4,0 1h.6 1R ]
6000 .14 -12.8 8,0 -1,0 4,0 13.0 16
LEFT=RIGHT DIFFERENCES
500 =14 «13,4 -8.5 -2.,0 2.0 8,2 10
1000 -1? 10,2 -4,0 0,0 6,0 15.8 20
2000 -4 -4,0 2,0 1,0 3.5 7.4 )
4000 -1R -15.0 7.0 2,0 3.0 11.4 12
6000 =20 -19,4 -14,0 “h,0 58 12.2 14
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; TABLE 29 - DESCRIPTIVE STATISTICS OF SIX-MONTHLY INCREMENTS IN
AUDITORY THRES:OLD LEVELS IN BOYS 12-17 JEARS OLD
» k.
3
- FREQUENCY
) (HFERTZ) N MEAN ) SKEW PSKEW KURT PKIRT
: RIGHT EAR
500 24 ~1.08 7.78 «0,21 0,9764 -0,14 1,0000
1000 24 0.33 5,13 1.26 0.0081 3,76  0,0002
' 2000 24 0,5R 4,31 0,69 0,1417 0.92 0,318
; 4000 24 2,58 7,04 =0,2% 0,9438 =0.35 0,9911
: 6000 24 1,92 6,14 0.39 0.7733 0.40 0,9792
' LEFT EAR
500 24 0.25 7.88 0,04 1,0000 -0.87 0,7098
1000 24 0.17 5.62 0.%  0,2453 0,78  0,7616
2000 24 2,25 6.08 1,04  0,.0266 0.87  0.7095
4000 24 5.58%% 6,67 0,02 11,0000 -0.75 0,7818 ;
! 6000 24 2.17 9,71 0,15 0,9978 -1,38  0.1314 :
BETTER FAR i
500 24 0.33 7.14 0.08 1.0000 -0.36 0,9881 ;
1000 24 0,5% 5,79 0,66 0,1615 1.52  0,0961 :
2000 24 t.00 4,45 =0, 36 0,.,8091 -0,%9 0,854
4000 24 4,00* 5,78 0,51 0,2831 ~0.61  0,8A9%
6000 24 1.75 6,65 -0,09  1,0000 -1.07 0,2416
LEFT=RIGHT DIFFERENCES
500 24 1.33 7.%7 0,07 1,0000 -0.48  0.9469
1000 24 -0.17 1,91 ~0,06  1,0000 =-1,16  0,2061
2000 24 1.67 6.92 1,45 0,0028 2.27  0,0137
4000 24 3.00 9,134 0,26 0,9278 =0.21  0,9999
; 6000 24 0,25 9,53 -1,27 0,0076 1.84  0,043R
PERCENTILES
FREOUFNCY
' (HERT2) MIN 10 25 MEDTAN 75 90 MAX
RIGHT EAR
500 20 "11.0 '6.0 "‘.0 400 1000 14
1000 «10 «5.0 =2.0 0.0 2.0 4,0 18
2000 12 “4,0 ®2,0 0.0 4.0 6.0 8
4000 -14 -7.0 =2,0 4,0 7.5 12.0 16
6000 .|0 -7,0 -200 2'0 4.0 10.0 18
LEFT FAR
500 “14  =11,0 “5.5 0.0 6.0 11,0 16
1000 “10 -R,0 -31.% 0.0 2.0 7.0 16
2000 b =5,0 =2,0 0.0 5.5 11.0 20
4000 -6 =5,0 0,5 6,0 12,0 13,0 20
6000 =14 =12.0 =7.5 3.0 11,0 14,0 18
RETTFR EAR
500 “t4  =10,0 2.0 0,0 4,0 13.0 14
1000 «10 -8,0 2.0 2,0 2.0 7.0 18
2000 10 -4,0 -2,0 0,0 5.% 6.0 8
4000 -8 6,0 0,5 5.0 R0 11,0 14
6000 10 “%.0 3,5 2.0 8,0 10.0 14
LEFT=RIGHT DIFFERENCES
500 -16 “H,0 ~4,0 0.0 6,0 12,0 16
1000 -8 *5.0 -3,5 =-1,0 4,0 5,0 6
2000 -8 -5,0 2.0 0.0 1.5 12,0 24
4000 18 =11,0 2.0 3,0 9,% 16,0 20
6000 «10  =12,0 -5,5 2.0 1.5 10.0 12 :
** p&€.C1 !
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TABLE 30 - DESCRIPTIVE STATISTICS OF SIX-MONTHLY INCREMENTS IN

AUDITORY THRESHOLD LEVELS IN GIRLS 5-~11 YEARS OLD

FREQUENCY

(HERTZ) N MEAN
RIGHT FAR

500 12 0.00
1000 13 1.8%
2000 13 0,77
4000 12 0.67
6000 12 2.17
LEFT FAR .
500 725
1000 11 0.18
2000 11 1,27
4000 9 3.78
6000 9 3.33
RETTER FAR

500 12 1.83
1000 13 1.69
2000 13 =1.23
4000 12 1.17
6000 12 0.83
LFFT=RICGHT DIFFERENCES
500 8 6.00%
1000 11 -1.82
2000 11 0.00
4000 g 222
6000 9 0.44
FREQUENCY

(HERTZ) MIN 10
RIGHT EAR

500 -8 ~7.4
1000 -8 -7.2
2000 -8 7.2
4000 -8 =7.4
6000 -8 7.4
LEFT FAR

500 -4 4,0
1000 -18 -17,.2
2000 =10 «10.0
4000 -6 =6,0
6000 «20 =~20.0
RETTER FAR

500 =10 -4,8
1000 -f =742
2000 -8 7.2
4000 -8 -7.4
6000 -12 -{1.4
LEFT*RIGHT DIFFERFNCES
500 -4 -4,0
1000 -18 17,2
2000 .16 “13.6
4000 -10 -10,0
6000 =12 -12.0

* .01¢ p £.05

Sh

6,66
6.95
4.21
5093
7.46

6.92
11.26
6,08
T.64
11.53

7.74
6,73
3,96
6.29
8,67

6.68
8.69
7.10
8,39
8.11

SKEW

0,913
0,50
0,12
0,14
0.55

-0,16
=-0,32
0,20

0,24
=0,55

0,21
0,41
=0.02
-N,02
0,54

0,36
=0,137
=0.55

0,13
=0,50

PERCENTILFES

25

5.5
=3.0
-4.0
4,0
=3,5

1.5
14,0
-R,0
-3,0
.‘!.0

=5.5
-4,0
-4,0
5.5
-4,0

2.5
-6.()
-4,0
-5.0
-8,0

MEDTAN

PSKEW

0.1402
0,7841
1,0000
0,9999
0.7556

1,0000
0,.9%95
00,9986
0,9962
0,8097

0.,9966
0.8660
1.0000
1.0000
0,7601

0,96130
00,9244
0.7722
1.0000
0.8486

KURT

0.15
~0,72
“1.17
“1.59
-0,70

-1,22
~1.42
=1.48
1,62
0,58

~1.14
-0,6h9
~1,39
=1.59
~0.29

-0,96
=-0,RY9

0,17
=-1.45%
-1.,43

PKURT

1,0000
00,9055
0.6876
0,19%1
0,9223

0,7771
0.2690
0,24K4
00,2481
00,9844

0,7178
0,91 RH
0.7428
0,1945%
0,9999

0,8778
0,R531
1.0000
0.30137
0,3084

MAX

16
16

10
18




' TABLE 31 - DESCRIPTIVE STATISTICS OFf SIX-MONTHLY INCREMENTS IN
AUDITORY THRESHOLD LEVELS Id GIRLS 12-17 YEARS OLD
', H !
1 FREQUENCY
(HERTZ) N MEAN sD SKEW PSKEW KURT PKURT
' RIGHT EAR
. 500 28 «2.00 6.95 0.09 1,0000 =0.61 0.8432
1000 29 -1.52 6,73 -0,41 0.7111 0,08 1.0000
’ 2000 29 1,66 5.83 =0,04 1,0000 -0,72 0.7617
. 4000 29 0.62 6.97 -0,15 0.9946 -0.74 0.7455% g
: 6000 29 2.00 9,41 =0,20 0.9733 -0.44 00,9458 i
' LEFT FAR i
500 28 “1.14 7.5% 0.41 0,7204 0.14 1,0000 1
1000 28 0.36 5.39 0,50 0.2604 0.44 0.9519
2000 27 0.00 S.71 0,34 0.8003 -0 11 1.0000
4000 28 3.57 7,47 0.3 0,841% =0.30 0.99%1
t 6000 28 0.36 11,00 0,26 0,9134 -0,92 0.2R7% ;
RETTER FAR
500 28 -1.86 6.16 ~0,03 1.,0000 0.34 0,9877
1000 29 -0.76 5.03 0,66 0.1278 0.84 0.6843
- 2000 29 -1.,03 5.31 =0.05 1.0000 0,15 1.0000
4000 29 2.14 6437 -0,04 1,0000 -0,73 0.7507
6000 29 1.93 8.66 0,05 1.0000 0.00 1.0000
‘ LFFT=RIGHT DTFFERENCES
500 28 0.86 6,83 «0,07 1,0000 0.71 0,7731
= 1000 28 1.86 6.06 0.72 0.0993 0.02 1,0000
2000 27 2,07 5.64 =-0,24 0,91357 0,81 0.7161
4000 28 3,07* 7.319 0,613 0.1491 0.34 0.9874
. 6000 28 -1.29 11.68 =0,47 0,2821 =0.13 1,0000
PERCENTILES
FREQUENCY
] (HERTZ) MIN 10 25 MEDIAN 75 90 MAX
RIGHT EAR
500 =16 «12,0 6,0 2,0 1,5 8,2 12
1000 =18 =12.0 4,0 0.0 2.0 6.0 12
2000 -14 -10,0 6,0 2,0 4,0 6,0 10
4000 -14 10,0 -4,0 0.0 6,0 10,0 14
6000 -18 ~14,0 =4,0 2,0 8.0 16,0 20
LEFT EAR !
500 “16 =12,0 6,0 -1,0 4.0 R.6 18 ;
1000 10 8,0 2,0 0,0 2,0 8,4 14
2000 .12 6.4 «4,0 0,0 2.0 10,4 12
4000 -10 -f,0 0.0 3.0 8,0 12.8 20
6000 =20 -12,2 ~8,0 2,0 11.5 14.4 24
BETTER EAR
500 16 12,0 6,0 -1,0 3.5 4,0 14
1000 -10 -8,0 4,0 2,0 2.0 6.0 14
2000 -12 10,0 -4,0 0,0 2.0 4,0 12
4000 10 6,0 0.0 2.0 8,0 12,0 14
6000 “16 12,0 =3,0 0.0 8.0 10,0 24
LEFT=RIGHT DIFFERENCHS
500 «16 B, 4 2.0 0.0 4,0 H.4 18
1000 -f 6.0 «2,0 0.0 5.5 12.0 18
2000 =10 6,4 2,0 2,0 6,0 10,0 12
4000 12 4,2 1,5 2.0 7.9 16.2 22
6000 .32 -1B,2 6,0 3,0 R,0 14,2 16

* ,01< p<.05
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| TABLE 32 - SPEARMAN RANK CORRELATION
- COEFFICIENTS BETWEEN AGE AND 6-MONTH AUDITORY-
THRESHOLD INCREMENTS IN BOYS AND GIRLS
Frequency Boys & Girls Boys Girls i
N (Hertz) n r n r n r
Right Ear &
500 75 -.044 34 .054 41 -.16l
E 1000 75 -.001 34 .233 41 -.243
2000 77 -.103 34 .091 43 -.281
4000 76 -.013 34 .l168 42 -.146
6000 76  .023 34 .200 42 -.117 i
: Left Ear
500 71 .048 34 .338% 37 -.253
] 1000 72 .056 34 .306 38 -.183 5
i
2000 73 -.064 34 .055 39 -.180 |
4000 72 .070 34 .392% 38 -.248 !
6000 72 -.032 34 .266 38 -.307 :
1
5
Better Ear N
500 75  .000 34 .225 41 -.202 ‘
1000 75  .082 34 .404% 41 -.220
2000 77 -.031 34 013 43 -.146
4000 76 -.018 34 .175 42 =-.193 i
6000 76  .008 34 .,190 42 -.150
* 0l <pg .05 f
P
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6000 Hertz in 6 to ll-year-olds, (Tables 11-14). In this
case, the mean lateral difference is positive in the boys,
indicating a higher 1left ear threshold, but in the girls the
opposite is true.

The striking lateral differences seen in the mean
auditory thresholds are not present in the mean increments.
However, at 4000 Hertz there 1is a significant positive
lateral difference (Table 23). This implies that during a
six-month interval there was a greater threshold shift toward
hearing loss in the 1left ear than in the right ear. The
statistical significance is present only in the groups that
include 12 to l7-year-old girls (Tables 24, 26, and 30).
Since this result is 1limited to one group and only one
frequency, no biological importance is attached to it; it
might have occurred by chance alone.

NOISE EXPOSURE

At each examination a detai¥ed questionnaire was
completed regarding noise exposure. Different questionnaires
were administered on the first examination (Appendix B) and
on subsequent examinations (Appendix C). The responses to
the noise exposure questions were weighted differentially to
allow a quantitative noise assessment for each question. The
individual question scores were then summed to provide a
single total nocise score. The scoring system that was used
is given in Appendix C. In addition, three other scores were
derived (chain saw, gun, and event) to evaluate particular
events that might be important in a participant's noise
exposure. These derived scores are outlined in Appendix D.

Noise exposure 1is considered separately for the
guestionnaires taken on the first visit, representing the
total previous noise exposure history (Appendix B); and
questionnaires completed on subsequent six-monthly visits
(Appendix C) representing noise exposure for the appropriate
preceding interval. The major differences between the total
noise exposure history and the interval noise exposure
history are in the phraseology of the questions regarding the
time periods of noise exposure. For question 23 of the
total noise exposure history regarding the duration of
exposure to power tools, "occasionally" was weighted 1.0, and
"often" was weighted 5.0 in the calculation of this component
of the total noise exposure history score. Other than this
alteration, the various noise exposure scores were calculated
in an identical manner for the total noise exposure histories
and the interval noise exposure histories.

The summary statistics, including the ranges for the
scores, for each noise-related question, and the derived
scores, are given in Table 33 for boys and girls. With few




TABLE 33. NOISE HISTORY SCORES FOR CHILDREN 6-17 YEARS.

Question Mean S.D. Median Minimum MaxXimum
BOYS

9 home 0.1 0.4 0.0 0.0 2.0
10 T.V. 0.0 0.2 0.0 0.0 2.0
11 stereo 1.5 1.4 1.5 0.0 5.3
12 instrument 0.8 1.4 0.0 0.0 7.0
13 live rock 0.0 0.1 0.0 0.0 0.8
14 toys 0.0 0.0 0.0 0.0 0.0
15 motorbikes 1.5 2.2 0.0 0.0 10.0
15 eng/firewks 0.5 0.8 0.0 0.0 3.0
18 guns 0.3 2.1 0.0 0.0 20.5
23 tools 3.0 2.8 1.7 0.0 10.0
24 machinery 0.6 1.2 0.0 0.0 4.0
Chain saw 0.5 2.2 0.0 0.0 10.0
Gun 35.8 48.0 0.0 0.0 100.0
Event 3.4 1.6 3.0 0.0 7.0
Total 8.1 6.0 7.2 0.0 29.9

GIRLS

9 home 0.2 0.5 0.0 0.0 2.0
10 T.V. 0.0 0.0 0.0 0.0 0.0
11 stereo 1.5 1.3 1.5 0.0 8.0
12 instrument 0.8 1.3 0.0 0.0 5.3
13 live rock 0.0 0.3 0.0 0.0 3.2
14 toys 0.0 0.0 0.0 0.0 0.0
15 motorbikes 1.8 2.0 2.0 0.0 10.0
16 eng/firewks c.0 0.4 0.0 0.0 3.5
18 guns 0.0 0.0 0.0 0.0 0.0
23 tools 2.4 2.1 1.7 0.0 6.7
24 machinery 0.3 1.0 0.0 0.0 4.0
Chain saw 0.9 2.9 0.0 0.0 10.0
Gun 13.6 34.4 0.0 0.0 100.0
Event 3.2 1.5 3.0 0.0 8.0
Total 7.1 4.3 6.6 0.0 18.4

Based on data from approximately 100 boys and 103 girls.
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exceptions, the distributions of the scores are significantly
skewed, being truncated at zero. This, of course, is why the
means and medians are not coincident, and why many of the
medians are zero. For data of this nature, only
non-parametric statistical approaches are appropriate.

There are few sex differences in median scores, and in
most cases there is 1little difference between the maximum
score for any item for girls compared to that for boys. Boys
do have a notably higher maximum score for the gun gquestion
(No. 18) compared to that of the girls. However, the derived
gun score, calculated differently from that of question 18,
indicates that girls and boys had the same maximum gun score,
although the mean gun score for boys (35.8) was greater than
that for the girls (13.6). The maximum total score is
markedly greater in boys than girls although the means and
medians show only small sex differences.

The summary statistics for the scores from the interval
noise exposure histories (Appendix C) are given for boys and
girls in Table 34. The ranges of scores for interval noise
exposure are generally greater than the corresponding scores
from the total noise exposure histories, although the general
pattern of scores is similar in both noise exposure
histories. Sex differences are most clearly seen in the
maximum scores for each item; the boys generally having
higher maximum scores than the girls, especially for question
16 (fireworks), 23 (power tools), and the chain saw and gun
scores. An exception to this pattern is the maximum scores
for question 12, concerning playing an instrument; the girls
having a maximum score of 8.7, compared to 4.8 for the boys.
Percentiles for total noise scores from the total noise
histories and the interval noise histories are given for boys
and girls in Table 35.

The total noise scores obtained from the total noise
exposure histories and the interval noise exposure histories
are compared in Figure 32. The similarly skewed character of
the two curves can be seen, although the greater range of the
scores from the interval noise exposure histories is evident.

The four points at the extreme for the interval noise
exposure scores represent four participants with unusually
high scores. Three of these extreme scores are for boys and
one is for a girl. These extreme scores result primarily
from exploding a large number of firecrackers (question 16),
except for one boy (score = 101.3) who received his unusual
noise exposure from operating, or being near, power tools
(question 23), particularly gasoline lawn mowers.

The event score was devised in an attempt to quantify
noise exposure through identifying the number of different
types of events that may be important sources of noise




TABLE 34 . INTERVAL NOISE SCORES FOR CHILDREN 6-17 YEARS.
Question Mean S.D. Median Minimum Maximum
BOYS

9 home . 0.0 . 0.0
10 T.V. .7 1.0 . 6.0
11 stereo 2.2 1.8 2.3 8.0
12 instrument 0.5 1.1 0.0 4.8
13 live rock 0.0 0.2 0.0 1.6
14 toys 0.0 0.0 0.0 0.0
15 motorbikes 1.4 1.7 0.0 6.0
16 eng/firewks 6.0 23.7 0.0 210.0
18 guns 2.2 7.7 0.0 54.0
23 tools 8.4 15.7 3.3 113.7
24 machinery 0.4 1.1 0.0 4.0
Chain saw 0.9 3.1 0.0 20.0
Gun 1.0 9.8 0.0 100.0
Event 2.6 1.5 2.0 7.0
Total 21.5 31.8 11.7 232.7

GIRL S

9 home 0.0 0.1 0.0 0.0 1.0
10 T.V. 0.7 1.1 0.5 0.0 6.0
11 stereo 2.2 1.6 2.4 0.0 6.6
12 instrument 0.7 1.4 0.0 0.0 8.7
13 live rock 0.0 0.2 0.0 0.0 1.6
14 toys 0.0 0.0 0.0 0.0 0.0
15 motorbikes 0.9 1.5 0.0 0.0 6.0
16 eng/firewks 1.8 9.4 0.0 0.0 70.0
18 guns 0.6 2.4 0.0 0.0 15.2
23 tools 3.3 6.4 0.0 0.0 40.0
24 machinery 0.2 0.6 0.0 0.0 3.0
Chain saw 0.0 0.3 0.0 0.0 3.0
Gun 0.0 0.0 0.0 0.0 0.0
Event 1.9 1.5 2.0 0.0 6.0
Total 10.5 13.5 6.5 0.0 81.0

Based on data from approximately 103 boys and 110 girls.,
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TABLE 35. PERCENTILES FOR TOTAL NQOISE SCORES FROM
TOTAL NOISE EXPOSURE HISTORIES AND INTERVAL NOISE
EXPOSURE HISTORIES.

Percentiles

Questionnaire 10 25 50 75 90
Boys

Total 1.5 3.3 7.2 11.7 16.6

Interval 1.4 5.1 11.7 22.4 58.0
Girls

Total 1.8 3.7 6.6 9.2 13.3

Interval 1.8 3.3 6.5 12.6 20.2

Based on total noise exposure histories from
104 boys and 106 girls and interval noise

exposure histories from 104 boys and 112 girls.

exposure for a child. As shown in Tables 33 and 34, there is
little difference between boys and girls in the number of
important noise events experienced. The interval data show
higher total event scores for boys after 14 years. This can
be seen in Figure 33 which presents median event scores
obtained from total noise exposure histories and interval
noise exposure histories at each age for boys and girls.

Definite age trends are not apparent for median total
noise exposure history event scores, (Figure 33). Although
there appear to be no systematic sex differences, nor age
trends in median event scores from the interval noise
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FIGURE 32 - PERCENTAGE DISTRIBUTIONS OF TOTAL NOISE
SCORES FOR ALL CHILDREN FROM TOTAL NOISE EXPOSURE
HISTORIES AND INTERVAL NOISE EXPOSURE HISTORIES

exposure histories in the preadolescent years, there seems to
be a small, but definite, adolescent spurt in median noise
events for boys; rising from a median of 2.0 at 13 and 14
years of age to a median of 4.0 at 16 and 17 years of age.
No such adolescent trend is apparent in the median number of
noise events experienced by girls.

The total noise scores and the total event score are
imprecise and susceptible to large errors in estimating the
sound levels resulting from various activities. One person's
exposure to a "loud stereo" system or "loud vehicle" may be
10, 20 or more decibels higher than that of another person
giving the same response to the question. For this reason an
alternative method of anlaysis was devised. Information
contained in the questionnaire was used to group participants
into those reporting exposure to a particular category of
noise and those who were not exposed to that noise. The
means and medians of each group were compared. The nine
categories selected are the components of the total event
score (Appendix D). While these categories are arbitrary,
they are considered to be the most likely sources of noise
exposure. They are summarized below.
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FIGURE 33 - MEDIAN EVENT SCORES FROM TOTAL
NOISE EXPOSURE HISTORIES AND INTERVAL NOISE
EXPOSURE HISTORIES FOR BOYS AND GIRLS

Flight Pattern - Participant lives within 100 feet of a
road or flight pattern.

Loud TV - Participant considers the TV is usually loud
when he or she watches it.

Loud Music - Participant considers the volume of a
radio or stereo system is loud, as opposed to medium or
quiet, when he or she is listening to it.

Amplified Musical Instrument - Participant plays an
amplified musical instrument.
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Loud Vehicles - Participant is often near or involved
with motorcycling, motorboating, drag or auto racing,
go-carting, minibiking, etc. :

Fireworks - Participant had been within 50 feet of
exploding firecrackers or small gas engines.

Near Firearms - Participants fired or were near someone
else firing a gun larger than a .22 caliber.

Power Tools - Participants were near others using power
tools, such as drills, saws, gasoline lawn mowers, etc.

Farm Machinery - Participants used or were often near
farm machinery.

The percentage of participants for two age groups that
reported exposure to the various categories are summarized in
Figure 34. For most noise categories, a slightly higher
percentage of children in the 12-18 age group reported
exposure than the younger age group. The only exception was
loud TV, in which a larger proportion of younger children
were exposed. However, there is very 1little difference
between the two age groups in porportion exposed to any noise
category.

Figure 35 presents the age-specific medians for the
total noise scores for boys and girls obtained from the total
noise exposure histories. These are similar in each sex from
6 to 12 years of age, later the median noise totals for the
boys rise sharply, causing marked sex differences in the
median noise totals during most of the adolescent years.

The median total noise scores obtained from the
interval noise exposure histories (Figure 36) indicate more
consistent sex differences and age trends than those seen in
the total scores from the total noise exposure histories.
For boys and girls, the median total noise scores from the
interval histories increase systematically with age. At most
ages, boys have greater median total noise scores than girls,
the differences becoming most pronounced after the age of 10
years, when the boys medians increase rapidly. The
difference between boys and girls becomes greatest at 16
years of age when it is 16.5.

The age trend in the total noise scores is shown by
Spearman rank correlation coefficients of total noise with
age. Spearman rank correlation coefficients of total noise
with age (Table 36). The total noise scores from the total
noise exposure histories correlate with age +0.55 for boys
and +0,26 for girls, while the correlations between the
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FIGURE 34 - PROPORTION OF CHILDREN 6-11 YEARS OLD AND
12-18 YEARS OLD REPORTING EXPOSURE TO SPECIFIC NOISE
EVENTS

interval noise exposure scores and age are +0.45 in boys and
+0.28 in girls. All these correlations are highly
significant (p < 0.01).

A number of questions on the interval noise
questionnaire are "flagged" primarily to indicate changes in
the activity patterns of the participant and his family that
may be related to noise exposure. The percentage of children
with "flagged" responses to questions from the interval noise
exposure history are given in Table 37. The precise
questions asked are found in Appendix C. The data in Table
37 generally indicate there 1is 1little change in Jjobs,
hobbies, recreation, etc., that are possibly noise related;
the highest percentage of changes (12%) concerned
participants changing jobs that could have altered noise
exposure.
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FIGURE 35 - MEDIAN TOTAL NOISE SCORES FROM
TOTAL NOISE EXPOSURE HISTORIES FOR BOYS
AND GIRLS

CHILDREN WITH UNUSUAL HEARING LOSS OVER SIX MONTHS TIME

Hearing loss over the period studied 1is indicated by

large positive increments in thresholds. Children were
selected who had threshold increments greater than the 90th
percentile (Table 23) for at 1least four frequencies

considering both ears; there were four such children.

No. 594. This 1is a thirteen year-old girl who had
six-month increments of 10 and 12 decibels at 2000 Hertz and
4000 Hertz, respectively in the right ear, and increments of
12, 20, and 18 decibels at 2000 Hertz, 4000 Hertz, and 6000
Hertz, respectively in the left ear. Her increments at the
other frequencies range from -2 to 6 decibels; these
increments do not differ greatly from those in the rest of
the sample. She had a cold, but no ear problems at the time
of the second examination, and had a rather normal otoscopic
inspection. Although the technician considered the girl's
right ear responses at the first visit were somewhat erratic,
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FIGURE 36 - MEDIAN TOTAL NOISE SCORES
FROM INTERVAL NOISE EXPOSURE HISTORIES
FOR BOYS AND GIRLS

the technician was rather confident of the accuracy of the
recorded levels. The girl's total noise scores were
moderate, 8.9 and 16.9, for her first and second visits
respectively. For the latter visit most of the noise
exposure came from questions 10 and 23, recording an average
of six hours of loud television per day, and 12 hours (total)
of being close to gasoline lawnmowers and electric power
tools (lawn edgers, drills, etc.) during the six-month
interim. In brief, there is 1little apparent reason to
indicate that the hearing 1loss was due to otological
abnormalities, general health, or the testing procedures per
se but excessive noise may have been a factor.
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TABLE 36.- SPEARMAN RANK CORRELATION COEFFICIENTS (r)
BETWEEN AGE AND NOISE SCORES

Noise Scores Bgzil:nd Boys Girls
Period Type

n r n r n Y
Total Total 210 .430** 104 .552** 106 .257**
Total Event 209 .334** 104 .510%* 105 .133
Interval Total 225 .353%* 111 .447** 114 .276**
Interval Event 224 .085 110 .254% 114 -.057
¥ .0l¢p<.05
* %
p <.01

No. 697. This is an 8-year-old girl who had a hearing
loss at each frequency except 6000 Hertz. The six-month
increments of 12 and 16 decibels at 1000 and 5000 Hertz,
respectively in the right ear, and 12 decibels at 5000 Hertz
in the left ear are all above the 90th percentiles for those
frequencies. In addition, increments of 10 decibels at 4000
Hertz in the right ear, and 8 decibels at 1000 Hertz in the
left ear are coincident with the 90th percentiles at those
frequencies. The tester indicated the girl was rather
fidgety during the second visit, but was not concerned about
the quality of the girl's responses. The otological
inspections indicated meatal abnormalities, particularly for
the left ear. There was no indication that an interim
general health condition was responsible for the hearing
loss. The girl's total noise scores (total period and
interval) for the two visits were 8.7 and 3.3, which
approximate the 75th and 25th percentiles respectively for
total noise distribution. At the latter visit, the girl said
she was now going to a rifle range weekly, although her
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TABLE 37. PERCENTAGE OF CHILDREN WITH SPECIFIC
QUESTIONS "FLAGGED" ON INTERVAL NOISE EXPOSURE

HISTORIES.1
. Percentage of
Question Children
17 family hobbies 5
19 jobs 12
20 father's job 1
21 mother's job 0
22 hobbies 5
26 hearing protectors 5

lsee Appendix C for definitions of questions.
Based on data from 218 children.

responses to question 18 concerning guns do not indicate
excessive noise exposure (gun score = 0). Other than some
meatal abnormalities, there is little apparent reason for the
recorded hearing loss.

No. 801, This 1is a 7-year-old boy with increments
greater than the 90th percentile at four frequencies in the
right ear, and at two frequencies in the left ear. These
increments are 22, 14, 18, and 16 decibels at 1000, 2000,
4000 and 6000 Hertz, respectively, in the right ear; and 10
decibels at 1000 and 2000 Hertz in the left ear. The other
increments show little change except an 8 decibel decrease at
500 Hertz in the right ear. His otological inspection was
normal except that a cone of 1light was not seen at either
visit. During the second examination, the boy talked
frequently thoughout the testing procedure, somehow cut his
finger on the arm of the chair, and apparently was very
sleepy (9:00 a.m.), yawning between talking and worrying
about the small cut. It appears that the marked hearing
losses indicated by the boy's increments are artifactual due
to inattention, distraction, etc., during the second visit.
His total noise scores (total period and interval) at the
visits were very low, 2.0 and 3.7, respectively.
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No. 9027, This is a 1l3~year-old girl who demonstrated
unusual hearing 1loss, particularly in the right ear. The
six-month increments ranged from 12 to 16 decibels in the
right ear, including all frequencies in that ear except 2000
Hertz. In addition, the girl had an increment of 10 and 24
decibels at 4000 and 6000 Hertz, respectively in the left
ear. At the second visit, the girl complained of some
dizziness, earache, and intermittent ringing in both ears.
In answer to the questionnaire, the girl reported she was
swimming daily for 5 to 6 hours. The girl's parents were
notified appropriately. It seems probable that the unusual
hearing loss was due to ear infection. Her noise scores for
this period were within normal limits.

No. 9028. This is a l4-year-old boy with large
threshold increments, at low frequencies in both ears, and
some hearing loss at all frequencies, except at 6000 Hertz in
the right ear. The six months' increments were 12 and 18
decibels at 500 and 1000 Hertz, respectively, in the right
ear; and 12 decibels at 4000 Hertz, and 16 decibels at 500
Hertz and 1000 Hertz in the left ear. The boy complained of
a cold, sore throat, and mild sinusitis at the second visit.
At both visits, the otological inspection was normal except
for altered cones of light. The boy's total noise scores
(total period and interval) were moderate, 3.3 and 8.3
respectively, for successive visits. Almost all this noise
exposure score came from question 11 (listening to radio or
stereo) and question 23, (using a power lawn mower). The
hearing losses found probably reflect reduced hearing acuity
due to illness.

ASSOCIATIONS BETWEEN AUDITORY THRESHOLDS AND GENERAL HEALTH
AT TIME OF TEST, AND RESULTS FROM OTOLOGICAL INSPECTION

Participants were selected who were below the 10th
percentile (better hearing), or above the 90th percentile
(poorer hearing) in their auditory thresholds at each
frequency. The percentage of these children with abnormal
otoscopic inspections and general health are given in Table
38. The prevalence of each of the scores and their
definiticns for this part of the examination are given in see
Tables 6 and 7 and Appendix A.

In Table 38 the overall prevalences of abnormal
findings in the health and otoscopic inspection are compared
for the two groups using angular transformation for
differences between proportions (Sokal and Rohlf, 1969).
Children with higher thresholds (poorer hearing) tend to have
slightly more abnormal responses to the general health
question, although the difference is not significant. Most
of the abnormal responses for both groups to this item are
due to colds or sinusitis.

109




TABLE 38. PERCENTAGE OF CHILDREN WITH ABNORMAL HEALTH
HISTORIES OR OTOLOGICAL INSPECTIONS WHOSE AUDITORY
THRESHOLDS ARE BELOW l0TH PERCENTILE LEVELS (BETTER HEARING),
AND ABOVE 90TH PERCENTILE LEVELS {(POORER HEARING) FOR THE
RIGHT EAR. SEXES AND AGES ARE COMBINED.

Frequency General Cone
(Hz) N pealth Tragus Meatus Drum of Color
Light

< 10th Percentile

500 20 20 0 10 15 30 20
1000 25 8 4 4 0 32 12
2000 15 20 0 7 13 40 33
4000 24 8 0 8 4 37 17
6000 24 21 0 12 21 42 33
Total 108 15 1 8 10 36 63

> 90th Percentile

500 22 32 0 14 14 50 18
1000 22 27 0 9 9 41 18
2000 23 13 0 26 13 43 22 ;
4000 20 25 0 20 25 45 20
6000 24 25 0 17 8 21 17 ;
Total 111 24 0 17 14 40 19

tg 1.79 ~1.42 1.98* 0.75 0.54 -2.16%
*p <0.05
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There is no difference in the prevalence of abnormal
tragi between the two groups. Although children above the
90th percentiles for thresholds have abnormal eardrums and
light findings slightly more frequently, the differences are
not significant. The results show,however, that children
with better hearing (< 10th percentile) do have significantly
fewer meatal abnormalities. This 1is consistent with the
findings of Roberts and Federico (1972), who reported
significant 1increases in auditory thresholds associated with
complete obstruction of the auditory canal (usually by
cerumen) in the NCHS survey. In the present study various
auditory canal obstructions were among the most common
findings classified as meatal abnormalities (see Tables 6 and
7). The comparison of the two groups indicates also that
there are significantly more abnormalities regarding ear drum
color in the group with better hearing. This may be due to
lack of «clinical experience of our technicians, or may
indicate an inappropriate examination criterion, or simply
the vagaries of sampling and of constructing criteria for
qualitative traits.

ASSOCTATIONS BETWEEN THRESHOLDS AND SIZE AND MATURATION

To assess the associations between auditory thresholds
and size, stature was correlated with the auditory threshold
of the better ear measured at the same examinaticn for the
Fels series. The Spearman rank correlation coefficients for
boys and gqirls are given in Table 39. There 1is 1little
association between attained stature and auditory thresholds
in boys. For girls, significant negative correlations at the
lower frequencies indicate that taller girls tend to have
lower auditory thresholds; that 1is, better hearing at these
frequencies than the shorter girls.

The relativ skeletal maturity (skeletal age less
chronological age) indicates those children who are advanced
or retarded in skeletal development relative to the standard,
and is a measure of the relative biological age or maturation
of the individual. The Spearman rank correlation
coefficients between relative skeletal maturity and auditory
thresholds in the better ear of boys and qirls are cgiven in

Tahle 40, I.ittle consistent pattern 1is apparent in
correlations in the total sample and in the 6 to ll-year-olad
group. However, in the 12 to 1l8-year-old group, the

correlations between relative skeletal maturity and auditory
threshelds are all negative, suagesting that the more rapidly
maturing children tend to have lower auditory thresholds.
This is true particularly in «irls and at the lower
freauencies. The small sample size may account for the lack
of statistical sianificance or alternatively for a spurious
trend in +*his age group. If these results reflect biological
rhencmena it may be that there is a maturational component




TABLE 39.

SPEARMAN RANK
CORRELATION COEFFICIENTS (r)
BETWEEN STATURE AND AUDITORY
THRESHOLDS IN BETTER EAR OF BOYS

AND GIRLS
Frequency BOYS GirlS
(Hertz) n r n r ]
6-12 vear olds N :
500 50 -.102 43 -.367
1000 50  .122 43 -.252 ]
2000 50 .107 44 =.599** §
H
H
4000 50 -.008 43 -.247 :
6000 50 -.016 43 -.071
12-18 vear olds
*
500 47 .004 60 -.253
* *
1000 47  .290* 60 -.273
2000 47  .075 61 -.299"
4000 47  .206 61 -.048
6000 47 .00l 61  .102

* ,0l<p <.05

** p .01
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TABLE 40, SPEARMAN RANK CORRELATION
COEFFICIENTS (r) BETWEEN RELATIVE
SKELETAL MATURITY (SKELETAL AGE--
CHRONOLOGICAL AGE) AND AUDITORY
THRESHOLDS IN THE BETTER EAR

. Frequency Boys Girls
(Hertz) n r n r

Total Sample

500 68 -.029 63 .012
1000 68 -.071 63 -.1ll6
2000 68 .169 65 .074
4000 68 -.049 64 .133
6000 68 -.044 64 .097

i 6-11 years
1 500 38 .015 40 .097

1000 38 -.033 40 -.082
. 2000 38 .401% 41  .213

4000 38 -.032 40  .183 i

6000 38 .150 40  .253 ‘

12-18 years

500 29 -.106 21 -.433"
1000 29 -.206 21 -.493%

2000 29 -.105 22 -.397

4000 29 -,087 22 -,140

6000 29 -,228 22 -.193

*
.01 <p <.05,
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TABLE 41. SPEARMAN
RANK CORRELATION
COEFFICIENTS (r)
BETWEEN AGE AT
MENARCHE AND
AUDITORY THRESHOLDS
IN THE BETTER EAR
OF GIRLS

Frequency N

(Hertz) *
500 48 -.110
1000 48 -.022
2000 48 -.121
4000 48 .068
6000 48 .112

associated with increases in hearing acuity during puberty
and adolescence, or during adolescence the more rapidly
maturing girls may somehow be better at performing the tasks
necessary to the auditory testing situation.

The Spearman rank correlation coefficients between
auditory thresholds and age at menarche (first menstural
flow) are given in Table 41. This sample includes the Fels
girls and some of the middle school girls. Age at menarche
is an indicator of rate of sexual maturation. None of the
correlations in Table 41 are significant; however, those at
the 1low frequencies are negative, suggesting that more
rapidly maturing girls tend to have higher auditory
thresholds. This 1is in the opposite direction to that
expected considering the above results relating to skeletal
maturation. Certainly the possibility of develcpmental
associations between maturation and auditory thresholds needs
further investigation.




TABLE 42. SPEARMAN RANK
CORRELATION COEFFICIENTS (r)
BETWEEN INTERVAL TOTAL NOISE
SCORE AND AUDITORY THRESHOLDS
IN BOYS AND GIRLS

Frequency n Correlation
(Hertz) Coefficient
500 223 -.090

1000 223 .004

2000 224 .057

4000 223 .034

6000 223 -.040

ASSOCTATIONS BETWEEN AUDITORY THRESHOLDS AND NOISE SCORES

Almost all examinations after 26 January 1976 were
repeat visits for most participants; therefore, the total
noise scores from the interval noise exposure histories were
used to investigate associations with auditory thresholds and
6-month increments in auditory thresholds.

In the sample as a whole, there 1is no significant
association at any frequency between auditory threshold and
previous interval total noise exposure score as measured by
the Spearman rank correlation. Table 42 gives the
correlation coefficients at each frequency. Likewise, when
the sample is broken into age groups and sexes (Table 43) no
significant correlations are found.

When the relationship between the total noise scores
from the interval noise exposure histories and 6-month
auditory threshold increments was investigated, a similar
lack of association was apparent. In Table 44 the Spearman
rank correlations are reported for right, left, and better
ear in boys and girls. Table 45 gives the correlations
between interval chain saw score and 6-month auditory
threshold increments; none are significant. There were too
few participants with a positive interval gun score to
calculate the corresponding correlations.
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TABLE 43. SPEARMAN RANK CORRELATION
COEFFICIENTS (r) BETWEEN INTERVAL TOTAL NOISE
SCORE AND AUDITORY THRESHOLDS IN BETTER EAR OF
BOYS AND GIRLS BY AGE GROUPS

Boys Girls
Frequency n Correlation n Correlation
(Hertz) Coefficient Coefficient
6-11 year olds
500 44 -.140 36 .082
1000 44 -.037 36 .205
2000 44 .005 37 -.075
4000 44 -.052 36 -.029
6000 44 -.210 36 -.071

12-18 yvear olds

500 66 -.150 76 .081
1000 66 .012 76 .110
2000 66 .157 76 .221
4000 66 .039 76 .152
6000 66 .063 76 .100

while there were no significant correlations between
noise scores and hearing measurements, this does not imply
that they are not related. The relative imprecision
associated with the derivation of the various noise scores
has been alluded to previously. In general, girls have
slightly better hearing than boys and 1less variation in
threshold measurements. This may reflect differences in
behavior resulting in less noise exposure, and therefore,
less hearing loss due to noise exposure. This explanation is
supported by the fact that the threshold differences between
boys and girls are larger in the 12 to 17-year-olds than in
the 6 to ll-year-olds. Moreover, the total noise exposure
scores show a marked sex difference only in the older group,
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TABLE 44. SPEARMAN RANK CORRELATION ,
COEFFICIENTS (r) BETWEEN INTERVAL TOTAL NOISE |
SCORE AND 6-MONTH AUDITORY THRESHOLD
INCREMENTS IN BOYS AND GIRLS

’ Frequency Boys & Girls Boys Girls
(Hertz) n T n T n Y
Right Ear
' 500 75 -.061 34 -.252 41 .091
1000 75 -.038 34 -.146 41 .038 |
2000 77 -.215 34 -.471** 43 -.145 E
4000 76  .063 34 .028 42 .089 ;
6000 76 -.058 34 .292 42 .082
f Left Ear
500 71 .046 34 .041 37 .083
; 1000 72 -.078 34 -.222 38 .140
2000 73 -.044 34 -.245 39 .017
4000 72 .010 34 -.121 38 .100 ']
6000 72 .035 34 -.002 38 .054

Better Ear

500 75 -.004 34 -.192 41 .113
1000 75 -.070 34 -.2256 41 .050
2000 77 -.028 34 -.295 43 .025
4000 76 .071 34 -.131 42 .193 .
6000 76 . 048 34 .004 42 .085
** P <.01

o s ey
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TABLE 45.  SPUARMAN BAMK CORRELATION
COLFYICIENTS (r) BETWEEN INTERVAL CHALN SAW
SCORLE AND O-PMCNTH AUDITORY TUHRESHOLD
INCREMENTS

Right Far Left BEar

Prequoncey ,, Correlation n Corrclacion

{(tI rer) Coeffilcient Coviliciene
500 74 014 7 L0l
1000 7 L0405 71 -3
2000 7 .077 72 PR A AR
2000 7 - Ud s 71 L00T
OUGU 75 -.U4dl 7L -1l

with boys having the higher total noise exposure. Therefore,
if noise is having an adverse effect, older boys should have
higher thresholds. This is consistent with our findings.
Finally, the 6-month increments are larger in the direction
of hearing loss in the older group, and more pronounced in
boys.

The associations between hearing and the noise event
categories described previously, as measured by group
differences suggest important sources of noise that may
affect hearing. Large and significant non-normality 1is
present in the threshold distributions of the two groups of
each event category at each frequency. This precludes the
use of a t-test to compare the means. However, a casual
comparison of the means indicates that all differences are
very small (generally less than two decibels) and significant
differences are clearly not present. Since 4000 Hertz is the
frequency that would presumably be most sensitive to noise
damage, the means, standard deviations, and sample sizes of
the two groups for each event for the bhetter ear are
presented in Table 46. The events are ordered in decreasing
differences (exposed - unexposed) between the nmeans. A
positive difference, therefore, indicates that the exposed
group has a higher mean threshold (poorer hearing) than the
unexposed group.
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TABLE 45. DESCRIPTIVE STATISTICS FOR AUDITORY THRESHOLD
LEVELS AT 40600 HERTZ IN GROUPS EXPOSED AND NOT EXPOSED
TO SPECIFIC NOISE EVENTS

‘ Difference Exposed Unexposed
Event QL _ gu ie $D n iﬁ SD n
Fireworks -1.75 -2.53 6.1z 101 ~-0.78 9.40 154
Loud radic - L84 -2.18 3.40 53 -1.30 8.87 202
Flight pattern - .51 ~2.0 8.80 3 -1.49 8.30 255
Power tools .50 -1.34 8.94 180 -1.84 5.37 75
Noar firesrms .59 -1.02 &.72 51 -1.61 8.61 204
rarw machines .75 -0.94 0.51 oo -1.69 8.77 189
Loud T.V. 1.6l -0.22 4.9l %4 ~1.83 6.27 201
Auplified inst. 1.38% -0.29 6.15 7 ~-1.54 8.31 248
Louvd vehicles 2,02 ~0.33 10.50 107 ~-2.35 .00 148

Instead of means, it 1s often more appropriate to look
at the medians and other percentiles. When the 90th
percentiles of the exposed and unexposed groups are compared
at 4000 Hertz in the better ear, there are only very small
differences for any event. In no case is the difference more
than two decibels.

Use of the hetter ear data may mask differences in the
hearing levels. Cloese examination of the data reveals that
the luargest dirftererces occur in the left ear of children in

the 12-18 year a.u- -ircup. The analysis of these data with
respect to the changes in percentiles of auditory thresholds
shows definiteo shitts toward mwneo.rer hearing in those

reporting esposurce to amplified wmwrsical  instruments, 1loud




vehicles, power tools, 1loud T.V. and farm machinery (Figure
37). Although there were too few exposures (only six) for
the 90th percentile (10 percent of the sample has poorer
hearing) to be meaningful, there is an apparent difference
between medians and means for the amplified music. Exposure
to loud vehicles and power tools resulted in a shift of two
decibels at the median and 90th percentile. While this shift
.is small, it should help further refine the questionnaire in
these areas. Exposure to farm machinery resulted in a
similar two-decibel shift in the median. However, the 90th
percentile showed a larger, 7.5 decibel, shift. Such a large
change may indicate that exposure to farm machinery 1is a
significant problem with respect to noise-induced hearing
loss. Before a more definitive statement can be made,
however, more data need to be aquired.
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CONCLUSION

Environmental noise may have adverse effects on the
auditory thresholds of people of all ages but there are
convincing reasons why the hearing of children should be
examined with particular care. Further, serial studies offer
several advantages over cross-sectional studies. The major
reasons why serial studies of auditory thresholds in children
are needed are:

1. Children may be more susceptible to noise damage
than adults.

2. Children may be exposed to different sources of
noise than adults; some of these may not be recognized
currently as influencing hearing.

3. Hearing 1loss in a child may have more severe
effects on learning and communication than a similar loss in
an adult.

4. Hearing thresholds during childhood may be
correlated with hearing ability in adult life.

5. Some effects found in cross-sectional studies may
not be general trends in all individuals, but either
artifacts of sampling or reflect marked changes in subgroups.

6. A longitudinal study is the only way to determine
whether the effect of noise on an individual's hearing is
temporary or permanent.

7. A longitudinal study, especially in children,
allows one to examine the effect of developmental and growth
changes on hearing 1levels, and to separate these from
environmental effects.

This multi-year serial study was undertaken because of
the factors enumerated above and because so little is known
about environmental and developmental effects on hearing in
children. Since the findings reported here represent only
the first year of data collection, the findings should be
considered preliminary; the study is only beginning to meet
its full potential. Furthermore, because fewer than half the
participants in the study had suitable multiple measurements
of auditory thresholds, most of the present data are
cross-sectional rather than longitudinal.

The group constituting the Fels sample has relatively
good hearing. The mean and median thresholds at almost all
frequencies are 2 to 6 decibels lower than those from United




States national surveys (Roberts and Federico, 1970; Roberts
and Ahuja, 1975) for children of corresponding ages.
Probably these differences reflect dissimilarities between
. the Fels and national samples in many aspects, e.qg.,
geographical, socioeconomic, racial factors. ]

e e s e R e mE e ae

There are indications that some abnormal otological
findings may be associated with hearing losses. Also of
interest are analyses of auditory thresholds in relation to
body size and sexual and skeletal maturity. There 1is a
suggestion of possible developmental correlates because the
auditory thresholds decrease during adolescence, especially
in girls. Rapidly maturing children tend to have lower
thresholds than others although this requires further
investigation.

o

Consistent and sometimes large lateral differences in
thresholds occurred. These may be due to testing procedures
or, perhaps, represent biological differences; further
studies are needed to clarify this. Lateral differences are
not present 1in the increments, which suggests that these
differences are likely to be due to testing artifacts.

The older group of children (12 to 17-year-olds) had
lower thresholds than the younger group (6 to ll-year-olds):
a much larger proportion of the older children were hearing
at the lowest possible limit of the audiometer. 1In addition,
there is significant negative correlation between age and
thresholds. This may mean younger children cannot perform
the testing task well enough to reach their "true"
thresholds; an alternative explanation is that hearing
ability may improve slightly during the middle childhood
years,

Auditory thresholds tend to be higher at 4000 and 6000
Hertz than at the other frequencies tested in each group
examined. Similarly, at these frequencies, the mean 6-month
increments in thresholds are consistently larger (decline in
hearing ability) than at 1lower frequencies. This finding is
consonant with the view that noise might be important with
regard to auditory thresholds of children. The higher
frequencies (especially 4000 Hertz) are the more sensitive to
damage by noise, whether permanent or temporary threshold
shifts are considered. Therefore, the higher initial
thresholds and 1larger increments at higher frequencies may
result from noise exposure.

In general, girls have slightly 1lower mean thresholds
than boys and less variation in threshold measurements at a
given age. This may reflect differences in behavior
resulting in less noise exposure, and therefore less hearing
loss due to noise exposure. This explanation is supported by
the fact that threshold differences between boys and girls
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are larger in the 12 to 17-year-olds than in the 6 to
ll-year-olds. Moreover, the median total noise exposure
scores show a marked sex difference only in the older group,
with boys having the higher total noise exposure. Therefore,
if noise is having an adverse effect, older boys should have
higher thresholds. This hypothesis 1is consistent with the
present data. Finally, the 6-month increments are larger, in
the direction of hearing 1loss, in the older group and more
pronounced in bhoys. Because the thresholds of girls tend to
be lower and less variable than those of boys, the sex
differences may reflect less noise exposure in the girls.
Certainly the trend of increasing sex differences in mean
thresholds with age 1is in accordance with the trend of
increasing sex differences in noise exposure although the
correlations between noise exposure scores and auditory
thresholds were not significant.

It is clear that participants in the study have a wide
range of noise exposure and a wide range of sources of this
noise. The noise exposure histories of many participants

suggest high levels of noise exposure. The current
quantification procedure applied to the noise exposure
histories 1is imprecise. However, the concept should be

retained because it allows comparisons that are very
difficult to make gqualitatively. While the quantitative
noise exposure scores from the interval and total noise
exposure histories are important measures of noise exposure,
the formula by which they are derived may be modified in the
future. Empirical modifications based on the distributions
of each question score, and relationships with the data from
other questions concerning noise, and dosimeter studies will
be helpful in this regard.

The qualitative approach allows the identification of
specific noise events that may be significant biologically.
Therefore, it is very important. The various data concerning
noise exposure indicate fireworks and being near firearms
were not problems in this sample with respect to
noise-induced hearing loss, although the potential for
considerable hearing loss from the use of firearms has been
demonstrated in other studies. Loud stereo, hi-fi, or radio;
loud vehicles; loud television, and power tools may be
associated with some elevation of auditory thresholds in the
present sample; such findings in these noise categories
indicate the need for further investigation. Being near or
using farm machinery and playing amplified musical
instruments are two categories that appear to be most
implicated as possible causes of auditory threshold changes
in the study population.

The major long-term aims of this study are to determine
the pattern of auditory threshold levels in children and to
relate changes in these thresholds to developmental and
environmental events (particularly noise exposure). While it
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is too early in the study to establish patterns or
unequivocally relate changes to specific events, it is clear
from the preliminary findings that the design, sample, and
methodology of the study are ideally suited for the
attainment of these long-term aims. The preliminary findings
of sex and age effects, as well as relationships among
thresholds, increments, noise exposure and other related
measurements, only hint at the potential of this study to
answer important questions that relate to human hearing.




RECOMMENDATIONS

Overall age trends can be derived from cross-sectional
studies, but developmental trends within individuals may be
masked in the data from such studies. Orly in a lonaitudinal
study can one determine patterns ~f change within
individuals. Furthermore, the effects nf developmental and
environmental influences on these changes i individuals can
be studied if appropriate serial data are available. The
present study was designed with this attitude in mind. It is
to be of at least 5 years' duratior and both bhinlnagical and
environmental variables are to bhe cocllected,

Longitudinal studies, by their nature, do not reach
their full potential until there are at least 5 data poeoints
per participant that are reasonab'v separated hy age.
Therefore, it is imperative that this studyv continue so that
patterns of change in hearing threstalds in these children
can be analyzed and these chanaes related to environmentel
and developmental factors.

A 1likely cause of decreases 1ir learing acuity is
excessive envirconmental noise; therefore the identification
of specific sources of noise that relate directly to hearing
loss 1in individuals is of qgreat impcrtance. As the study
continues, portable dosimeters will be vrsed tc measure the
levels of necise exposure from variouns scurces reported in
questionnaires and the gquesticonnaires will be evaluated and
verified. This will allow the Adevelcrrent of an inproved
weighting system to cbhtain tctal noise exposure scores for
the total period before the first examination and the
intervals between examinaticns. It 1is «c<lear that the
collection of much more data is necessary to investigate
properly and hopefully answer many of the important questions
discussed in this report.

A final salient point relates to the specific study
population. For a longitudinal study t¢ be successful, one
needs a study group that will continue to participate. The
Fels record in this regard is unique. The extremely high
level of continued cooperatinn and participation is well
established and proven. Apother aspect that makes the Fels
group so appropriate for this study is the existence of
health and growth dJdata 1recorded previously »nd concurrently
that allows analyses of ¢t'» relaticnships between these
factors and auditory threchol:la,
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. APPENDIX A
AUDITORY THRESIHOLD LEVEL
RECORDING FORM
: Name 8 O O I I I e o)
) Clan cubyect Number
! __] ,__[j D .“-nbn[‘—*r" ‘s f\irlhdate
) Honth D:y year (8-14) Month Day Year (15-21)
Date of Test Tester Sex
l = Eileen 1 = male
' 2 = Lee 2 = female
: 3 = Marty
OTOSCOPIC EXAMINATION
Tragus. Right ear Left ear
0 = normal [:] ‘ }
3 1 = very large (22-23)
8 = other--see comments Comments:
ﬁ 9 = no examination
‘ Meatus. Right ear Left ear
0 = normal D
- 1 = completely closcd [:] (24-25)
* 2 = badly olstructed with wax,
dirt, hair, almost closed
3 = very small or slit-like oprning but unobstructed
4 = small ovening badly obstructed with wax
5 = much wax, ctc. in canal but not obstructed
' 6 = canal open but rather inflamed (very red) looking
8 = othecr--sce comments Comments:
: 9 = no examination
: Ear Drum. Right ecar Left ear :
0 = normal
1 = perforated i . [:] (26-27)
2 = not secen because meatus small or obstructed
3 = scarred
8 = other--see comments Comments:
9 = no examination
Ear Drum, Conc of Light. Ricght car I.~{L ear
0 = canma of light scen [-J [_] (28-29)
1 = conc of light nnl seen boecause meatus too small or obstructed
0 = other--ree comments comuents:
9 = no ex,rmination

2 = cone of light nol scen for Oothér rcasons
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APPENDIX A
' (continued)
.
-y AUDITORY THRESHOLD LEVEL RECORDING
' FORM
! Name
: Ear Drum, Color. Right ear Left ear
A
; 0 = normal [:] [:J (30-31)
1 = very red and inflamed looking
2 = dull
3 = yellowish
4 = redder than normal, but not inflamed looking
i 8 = other--sce comments Comments
9 = no examination
GENERAL HEALTH AT TIME OF TEST D (32)
0 = normal, not ill
1 = has "cold," but no ear problems
2 = is congested due to “"sinus allergy”
' 3 = both ears "stopped up”
4 = right car “stouped up"
{ 5 = left car "stopped up”
' 6 = has car infection, but no earache
Y 7 = has ecar infection, with earache
. 8 = other--sce comments
‘ . Comments
9 = not recorded
COMMENTS ABOUT HEARING TEST
Continuity and completencss of testing [:] (33)
‘ 0 = testing completed, no breaks
1l = testing cowpleted, one short (< 5 min) break between ears
2 = testing completed, one short (< 5 min) break during testing
of right car
3 = testing completed, one short (< 5 min) break during testing
of lcft car
4 = testing completed, took more than one break (specify in comments)
5 = testing completed, certain frequencies retested (specify
in comnents)
6 = testing discontinued, participant insisted (tired, restless, etc.)
7 = testing discontinned, responses too irratic (lack of
cooperalion, cotc)
Comments
8 = other--sce comments
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APPENDIX A
' (continued)
* AUDITORY THRFSIIOLD LEVEL RECORDING
Name FORM
Responses of participant [:]
4
' 0 = normal good responses or better (34)
\ 1 = often signaled when no tone played
. 2 = participant disinterested, not trying hard
s 3 = participant's responses scemed somewhat irratic
4 = participant very restless and “fidgety"
5 = partic ipant talked frequently throughout test
6 = participant claimed to hear extrancons noises
during test (explain in comments)
7 = participant's parent in booth during testing
! 8 = other--scc cecmnents
9 = participant did well at the beginning but lost concentration
toward end of test
Comments
Comments written for individual frequencies
right ecar [:] (35) left ear [:] (36)
; 0 = no comments written 4 = 4000 H2Z
1 = )000 Hz 5 = 500 HZ
. 2 = 2000 uz 6 = 6000 HZ
, 8 = comments at more than one frequency
RIGHT EAR AUDITORY TiRESHOLD LEVEL
Comments: 1000 145-47)
. 2000 (48~-50)
4010 (51-53)
6000 {54-56)
1000 {57-59)
500 (60-62)
LEFT EAR AUDITORY THRESHOLD LEVEL
Comments: 1000 (63-65)
2000 {66-68)
. 4000 (69-71)
6000 I I N e B 2
_. iton (75-77)

500 (78-80)
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APPENDIX B

BIOGRAPHICAL, NOISF EXPOSURE, AND OTOLOGICAL HISTORY QUESTIONNAIRE

(Do not ask Fels participants circled questions.)

General Information

1.
2.
3.
4.

5.

A 28

Clan number Al -3
Subject number [ Ad -7

Name A8
Today's date []:]ED[:E] A9 - 14

mo. day yr.

Questionner Eileen A 15
Lee A 16
Marty A 17
Roger A 18
Other A 19
Specify
Sex of participant Male [E}A 20
Female A 21
Participant's birthdate []:] [:{] [:[] A 22 - 27

mo. day vyr.

What is your address and phone number?
address:
A 29 Street

(b1 an k)

City State

2ip Telephone

Noise Exposure History

9.

Have you ever lived very near a busy road (such as a state
highway or freeway), airport, noisy factory, downtown in a
city, etc.?

a) busy road or airport
no yes within 100 ft. of road or
A 30 A 31 flight pattern D A 32

100 ft. to 100 yds. from
road or flight pattern

(length of football field) A 33
Greater than 100ydS — - - - —m e ce e e e D
b) How long have you llved[:]::] AN
there? A 35 - 36
years

c) Other [:] A 37
specify




| APPENDIX B
(continued)

10. How would your parents rate the sound volume of the TV when
you watch it the most? quiet [:] A 38

average D A 39

; loud [_—_] A 40

a) How many hours a day (average) do you watch TV? [:]::] A 41 - A 42

11. Have you ever listened to radio, stereo, hi-fi tapes, or
records?

no yes a) What percentage of the time do you listen with

A 43 A 44 Headphones?

never A 45

less than 1/4 of the time A 46

between 1/4 and 1/2 of the time A 47

between 1/2 and 3/4 of the time A 48
5 greater than 3/4 of the time A 49
B b) About how many hours each day do you listen?

less than one A 50

1 -2 A 51

3 -4 A 52

more than four A 53

c) How loud do you like the volume?

quiet A 54
medium A 55
loud A 56

d) What type of music do you usually listen to?

hard rock - - soul A 57
pop - - country - -~ western A 58
classical A 59

12. Have you ever played a musical instrument or sung with a band?
no yes a) Instrument [:I:]A 62 - 63

A 60 A 61 amplified DI\ 64

not amplified [:]A 65

b) About how many hours per week have you played it?
A 66 - 67
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I APPENDIX B
(continued)
¢} Do you rostly play with a
rock band? A 68
r2iching or concert band? A 69
orchestra? A 70
by yourself? A 71
i 13. Do ycu listen to moro than about one hour of live rock music
edach weok?
) no yes Approximate number of hours/week [:I:] A 74 - 75
: A 72 A 73
[CARD B - Cul. 1-7, same as ‘x] B 8
14. Have you ever played with any very loud toys?
[:] [:] a) Cap guns, pop guns, air guns
o yes 1. Rarely - (less than 1 hr/wk) B 11
B9 B 10 2. Occasionally - (1-2 hrs/wk) B 12
" 3. Trequently -~ (4-6 hrs/2k) B 132
4. Very often - (more than 7 hr/wk) B 14
b) Other toys D B 15
Specify
L

15. Have you ever done or been around much motorcycling, motor boating,
drag or auto racing, go-carting, minibikinag, etc.

{::] [:] (estimate times while engine 1is running)

o ves a) dotorcycles, outboard motor boats (> 35 H.P. engines)
> - >g 7k 1
B 16 B 17 1. Rarely {less than 1 hr/wk B 18
2. Occasionally - (2-7 hrs/wk) B 19
3. Frequently - (7-15 hrs/wk) B 20
4. Very often - {(more than 15 hrs/wk) B 21
b) Minibikes, auto or drag racing, snowmobile,
go-carts, smill outboard or inboard rotor boats
1. Rarcly - (less than 1 hr/wk) B 22
2. Occasionally - (2-7 hrs/wk) B 23
3. Frequently - (7-15 hrs/wK) B 24
4. Very often - (More than 15 hrs/wk) B 25
c) Other B 26
Specify




APPENDIX B
(continued)

16. Have you ever played with any loud or explosive devices
(except guns; e.g., small gas-driven engines like on model
airplanes); fireworks, ctc.)
[:] | a) Firecrackers (within 50 ft. of explosives)
no yes 1. Scldom - (once or twice in 6 mcs.) B 29
] B 27 B 28 2. Occasionally - (3-5 times in 6 mos.) 5 39
3 !
4 3. Often - (more than 6 times in 6 mos.) B 31
L ! Estimate total no. exploded since last visit [:I:j B 32 - 21
b) Small gas=-driven engines (e.g., model airplanes)
L (while engine is running)
1. Secldom - (less than 1 hr/mo B 34
2. Occasionally - (1-4 hrs/mo) B 35
3. Often - (more than ) hr/wk) B 36
c) Other [:]
Specify B 37
. 17. Wwhat are your parents' hobbies and recreational activities?
activitics
B 18 B 39
(b1 an k)
To be judyged by questionnaire giver: Are any of
' these a noise-relevant activity? [:] [:] 3
no yes ]
B 40 B 41
18. Have you ever fired or been around anyone else firing a gun
since your last visit?
[:] [:] a) Vho fired? .
no ves you EE]B 44
B 42 B 43 somcone clse B 45 B 46 - B 48
b) What typc of aun? B 47 - B 50
rifle or shotgun Bn 51 (b 1 an k)
pistol B 52 ]
c) What caliber? k
.22 or smaller B 53 ]
larger than .22 B 54 i
d} How do you shoot?
right handed B 55
left handed 1B 56
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APPENDIX B
(continued)

B 57 - 59

e) Did you wear hearing protectors? [:] [:] B 60 ~ 61

no
f) How many hours per month do you shoot (a

or are around somcone else shooting?

g) For how many years? [::[:] B 64 - 65

yes
verage)

B 62 -

19. Have you ever been employed?
[:] [:] job description
no yes

B 66 B 67 |To be judged by questionnaire giver: [:]
Is this a noise-rclevant job? ne

L]

yes B 68 - 69

20. What is your father's occupation?

Occupation:

B 70 B 71 .
(b 1 an k) Employed by:

To be judged by questionnaire giver: [:]

Is this a noise-relevant job? no

yes B 72 -

21. What is your mother's occupation?

Occupation:

B 74 B 75 Employed by:

(b1l anki he judged by questionnaire giver: [:]

Is this a noise-relevant job? no

63

73

yes B 76 - 77

B 80
CARD € Col. 1-7 samc as B l cs8

22. What are your hobbies or recreational activities?

activities
cC9 C 10
(b1l an k)

To be judged by questionnaire giver: l [:]

Is this a noise-relevant activity? no yes C 1l -
23. Have you cver used or been around power tools? (e.g., drills,

saws, sanders, grinders, ctc.)

12




APPENDIX B

(continued)
i
yes
(1 = yes 0 = no) or Occas-
no ionally Often
no ycs electric tools (drills, saws, [:] [:] cl15-17
cC13 C 14 sanders, grass edgers, etc.)
grinders Ccl18-20
gas lawnmowers, edgers, etc. Cc21-23
chain saws C24-2¢
other c27-29
Specify

24. Have you cver used farm machinery or been close by when it is
operating? (e.g., tractors, combines, etc.)
[:] a) Tractors or combines

=5 yes 1. Rarely - (less than 1 hr/mo) [:] C 32
2. Occasionaliy - {(1-8 hrs/mo.

c3cin (up to 2 hrs/wk) c 33

3. Frequently - (2-10 hrs/wk) C 34

4. Very often - (more than 10 hrs/wk) Cc 35

b) Other motor-driven farm equipment C 36

Specify

25. What sports have you participated in for more than a few hours?

a) nonc Cc 37
b) swimming C 38
c) bascball Cc 39
d) football C 40
3) soccer C 41
f) basketball | c a2
g) bowling C 43
h) bicycling | C 44
i) tennis C 45
j) horscback riding ::: C 46
k) gymnastics || ¢ 47
1) other | | C 48
Specify
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26.

C.

27,

28.

APPENDIX B
(continued)

Have you ever worn hearing protectors for any reason other

than shooting?

[:] [:] a) Worn protectors

yes 1) when driving tractor or mowing C 51
C 49 C 50 2) when near power tools or other machinery C 52
3) other C 53

Specify

Otological Hlistory

Have you noticed a temporary or permanent chance for any reason in

your ability to hear or understand spoken words?

[:] [:] a) Where did this trouble occur most often?

yes at home C 56
C 54 C 55 at school C 57
at work C 58
other C 59
Specify

b) When did you first notice the changye?

L]

year C 60 - 61
C 62 Blank

Since your last visit, have you had any roaring or ringing in

your ears?

D D a) roaring E C 65

yes ringing C 66
C 63 €644y right car c 67
left car C 68

c¢) frequency

once C 69
2-5 times Cc 70
morc than 5 times c 71
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APPENDIX B

! (continued) q
.
: d) duration
; less than 45 minutes c 72
: 1-12 hours c 73
: about 1 day c 74
more than a day c 75 ]
e) Did you go to a doctor and/or receive treatment?
: no yes
' c7 ¢ 77
f) How o0ld were you when it started? [:I:] c 78 - 79
years
{ [VCARD D Col. 1-7 same as C , [::] D 8 !
. 29. Have you ever had any earaches, ear infections, running cars? i
! [:] [:] a) Which?
' no yes ear infection D 11 N
D9 D10 car ache D 12 i
. running ears D 13 !

b) Which ear(s)?

right D 14 |
left D 15 }

c) Frequency

¢ once D 16 E
1 2-5 times D17 :
1 morc than 5 D 18 .

d) Duration [:] D 19 - 20
days
e) How old were you when it started? [:I:] D 21 - 22

! years

f) Did ycu go to a doctor and/or recceive treatment?

L]
no y

D 23 D 24

es
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APPENDIX B
(continued)

REMINDER NON-FELS ONLY

! D. General licalth

Which of the following problems have you ever been bothered
by?
a) high blood pressure : D 25 1
b) diabetes D 26
¢} allergy : D 27
d) sore throat ] D 28
3) mumps | | D29
f) encephalitis +__ D 30
g) meningitis A 31
h) high fever (greater than 103 degrees) }___ D 32
i) excessive mouth breathing D 33
3) sinusitis E D 34
mild D 35
moderate D 36
severe D 37 .
k) dizzy spells D D 38 1
occasional (1/6 mo.) D 39 i
frequent (l/mo.) D 40 :
very freguent (more than l/mo.) D 41 :
1) none of the above D D 42
m) any other health problem not mentioned above
explain "p43 - 44
@ Have you ever been hospitalized?
D a) For what and how long?
no yes
D 45 D 46
@ Have you ever had any of the following medications?
a) streptomycin D 47
b) ncowmycin D 48
c) kanomycin D 49
d) quinine D 50
e) large amounts of aspirin (more than 8 in
a day or 20 in a week) D 51
f) none of the above 3 D 52




APPENDIX B
{(continued)

D a) What and how much?
yes
D 53 D 54

Have you ever been unconscious (either knocked out, fainted,

blacked out, seizure, etc.)?

D a}) How many times? D D 57
no

(::) Are there any other medications that you have taken regularly?
no

yes b) What was the cause each time?
D 55 D 56 accident D 58
fainting D 59
seizure D 60

¢) How long were you unconscious each time?

a few seconds D 61
less than a minute D 62
5 minutes to an hour D 63
more than an hour D 64

@ Have you ever had any vision or hearing problems resulting
from an illness or an accident?

D D a) What?
no yes

D 65 D 66
(Girls only) When did you have your first period?
r.nonth D 67 - 68
year D 69 - 70
not yet D 71

@ If you answered "yes" to Question 30, Part I (Have you ever had
a high fever?), complete the following:

a) How old were you? SaTs D72 - 173
b) How long did it last? t[:] D 74 - 75
days

Were your tonsils removed?

] O
no yes
D76 D77

j:
i
4
]




APPENDIX B
(continued)

Have you cver had frequent colds?

no yes
b 78 D 79

CARD E., COL. 1-7 same as D

E. Information for Initial Audiometry History

40. Do you think your hearing is:

O 0o O

Fair Poor
E 9 E 10 E 11

a) If fair or poor, is loss in:
right ear E 12
left car E 13

b) What do you think caused the loss?

illness E 14
—
accident E 15
other E 16
explain

c) Hlave you seen a doctor about your hecaring loss?

no ycs

E 17 E 18

Have you reccived any treatment?

d)
[:] [:] nedical L
no

21

yuvs surgical K22

£ 19 b 20 hoaring aid E 23
other L 24

explain




R -

41, Have you had your hearing tested before?

[:] [:] a) When? ] E 27 - 28
no

yoar

APPFNDIX B
(continued)

yes b} wWhere?

E 25 E 26 ductor's office F 29
scliool E 30
other £ 31

explain
c) How?

audiometer E 32
spoken voice E 33
tuning fork E 34
other ﬂ E 35

cxplain

d) What wcre you told about the results?

nothing E 36
good or notmal hearing £ 37
loss in right car E 38
loss 1n left ear E 39

Does anyone in your family have a hearing loss?

42,
[:] [:] a) Who?

no yes nother F 42
E 40 E 41 father £ 43
sister £ 44
brother £ 45
other E 46

explain

b) How old was relative when lors started or

complained of? : E 47 - 48

Yoars

If exact age i1sn't known, was relative

Under <0 [
Over 40 J E 50

was first
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" APPENDIX B
(continued)

1 c) Did loss occur D D E 51 - 52
suddenly gradually

(Amnu\us ONLY AFTER SEPTEMBLR m%)
. 4. Do you ride a bus to school?

neo yes
2) One nay? a) D Ess
b) Both wayy?
¢) Number of days each wenk? b)D £S5o

d) A?NXL o long does tam pus
ride last one way? (mins.) C)D Es7

E58-39

E k F. General Information (not to be put on computer cards)

v
N @ Father's name:

2
. Mother's name:
E (1)
45 Names and ages of brothers and sisters:

1 a.
¢ b.
c.
d.
e.
f.
q.
h.
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APPENDIX C
WITH SCORING SYSTEM
INTERVAL AUDICHMETRY QUESTIOMNAIRE
(Do not ask Fels participants cirrcled guestions.)
. A. Gencral Information
1. Clan number | A 1-3
2. Subject number r | ANd-T
h 3. Name fTT A%
X 4. Today's date
fb Y ‘ CIO 0 sa-m
L mo. day yr.
i 5. Questioner Eileen | | A
: Lee | A e
: Marty 1A
Roger 1A '3
Other A \Q
f Specify
: 6. Sex of participant male | A 20
j fcmale A2t
H 7. Participant's birthdate I l[:I:]l A 22-2%
‘ mo. day Vyr.
Has your address changed since your last visit?
- D new address:
street
no yes
A2l A -
city state
. zip telephone

B. Noise Exposure Historv

9. Is your present home very near a busy road {(such as a state

highway or freeway), airport,

city, ctc.?

C1

yes

A0 AdL

noisy factory, downtown in a

a}) busy road
within 100 fL. of road
100 ft. to 100 yds. from road
(length of football fieid)

greater than 100 yards from
road [:] A3y
b) airport
lives under the flight pattern a3s’
lives near flight pattern A3
Aa37

c) other
specify
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APPENDIX C
(continued)

10. How would your parcents rate the sound volume of the TV
when you watch 1t the meost?

NO. HOUR

11. Since

hi-f1
no  yes
AYd A4y

axbyxec xd

5 (H1,42) X INTCNSLTY (33-+0) quict

m A% Ol': !
average m Ay C.m=

loud [_] 4 0O 1.5

a) How many hours a day (average) do you watch TV? [:D A4t-42

,)

your last visit have you listened to radio, stereo,
tapes, or records?

a) wWhat percentage of the time do you listen with
headphones?

never ANS [0
less than 1/4 of the tire b 1S
between 1/4 and 1/2 of the rtaime eut oy &

a4 TC
L S

Leotwern 1,72 and 374 ¢f the time
greater than 3/4 of the time

—

b) About how many hours cach day do you listen?

less than one AS5OJ, ~~
1-2 Ast O
3-4 asa (°°
>4 psy <0
c) How loud do you like the volume? _
quie L oAasg o
modium | ass 1O
loud ] rse 2.2
d) wWhat type of music do you usually lraten to?
hard roch--soul a5y 1.o5
pop--countiy--western ASy 1.0
classical AsSY /.0
12. Since your 1rst visit have yon played a musical
ynotouttent orosunyg owrth o band?
F Ly:-_,] a) Instrement s HJ A G263
ALO AL arplifre!l [1 AGd 2
not amplified | A |/
b} Altcut hew mang hours per week have
you played 1t? ALL- L7
S Xb xC c) Do you wontly play with a _
_g‘—_— rock band’ ‘] AGE 2.0
rarching or concert bhand? Ay 8
oroencatra? ]l a0 T
by coursoif? Ayl 1.C

13. Po you licten to rore than abonmt one bour of 1live

rooch
I
no v
AL nNID

Mo each waek?

Approx. no. ol hours/wecek [jlt] AT -8
Mo, oF HOURS X 0.4
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APPENDIX C
(continued)

[CART B ¢ 177 sumr o 4] 2] s

C
14. Have you pluyed with any wery loud toys since vour last visit?

15. Since your

a) Cap guns, pop guns, air uans
l. Less than 1 hr/wk [:__ pi1y 0.0
2. 1-2 hrus/wk Bz O
3. 4-5 hrs/wk B13
4. More than 7 hr/wk | gt C.
b} Othor toys ‘M_ @1y .[':/L‘)c}J
Specify__ .

last wisit, have you done or hecic around muoch

oo

motorcycling, wotor boating, drayg or auto roecing, go-carting,

minit.iking,
1
no yes

(314] 811

16. Since your
devices {(ex
airplones:

no yes

82! 823

fetal no. ex p/o ded + b
5

s >99 Thew a lettev

15 vsed To Grovp within 2. 1-4 hrs/mo

Joo interrasls.

17. Have your parents or any of

their holda
(especinlly
no yes

B33 B34

ctc.?

(estimate times while cngine is running)
a) Motourcycles, outloard mnlor Liats
(> 35 1l.P. enaincs)
1. Less than 1 hir/wk j pie &
2. 2-7 hrs/wk Eia -
3. 7-15 hrs/whk By Y
4. More than 15 hrs/wi ] azy 7
b) Minibixes, auto or dr- HE ISR
go-carts, small outbo:rd or ibord rouor Lsats

1. Less than 1 hr,wx B2y
2. 2-7 hrs/wk | B2z -~
3. 7-15 hrs/wk | vag o
4. Mure than 15 hrs/wk | | & 2fg 2
c) Other i B e e »
Speeify I ‘

1a
cepl o guns: 2.g.
frrewnrks, ote.

sbowvisit, have you played wih any load or explicave

. osmall gas driven engines like on model

a) Fireccrackers ({(within 80 ft. of cxrleosives)
once or twice in & mos. B 2.9

3-5 times in 6 mos.
more than © times in 6 mos,
Estimate total no. oxpleded
since last visit | l B32- 23
b) Small gas driven engines {(v.g

B 30
B 31

., 12del aivplanes)
/ (while engine is runnin)
Cede 1. Less than 1 hr/mo

|93
3. Mpre than 1 hr/wk oz
c) Othnr T4 g
Speci fy . ’
cour brothers oy oictors chana

cs ol recreaticonal activiiles sinee vour last visit?
related to nerse increase or dactoase)

new activitices

Lo 1o hioed by orpee s tronnaive g

Is this a norse relevant activity? 7__] l__v "‘57/‘37
no

Leve

g6 ik

145



APPENDIX C
(continued)

18. flave you fired or been around anyone else firing a gun since
your last visit?
a) Who fired?
no yes [T Jedd ) ods
pda 643 You somcoene

elsc Mo - 43
1) how many rounds (bullets)?

.. . Nm et g ey bt <2
i1) did you wear hearing protectors? [:]"c[:“.‘

no yes
iii) what type of gun? g 850
rifle or shot gun 851 . o0
pistol 852 . 5
iv) what caliber:
.22 or smaller Be,:g c b5
. larger than .22 Bs4y 0.0
Wy AV +/0 o t b) How do you shoot?
- LS right handed /S5
x FHlologe x hE left handed BS56
c) How many rounds (bullots)? _j 2517-59
d) Did you wear hearing protectors I.o[: guo-6ls.i
no yes
e) what kind of gun?
rifle or shot gun pia 1. O
pistol ped /.5

f) What caliber:
.22 or smaller B B4 0.5
larger than .22 865 10.0
19. Have you worked at any new jobs (especially noise-rclated ones)
or changed job since your last visit?

D D job description
no

yes

866 867

To be judged by queslionnaire jiver:
Is this a noise relevant job? [: [:] B69-69
no Vs F}a“,

20. Has your father's occupation changed isnce your last visit?

D D new occupation
no

yes cmployed by
B0 B71 - -
To be Juldged by questionnaire giver:
Is this a noise relevant job? D [—:] B12-713
no ves Flag

21. Has your mother's occupation changed since your last visit?
D D ncw occupation
no Yos employad by .
N4 75

To be judacd by gquesticnnaire \;1-'."\).1':
Is this a noise relevant jobs? D D B°16-17
no yoes F/d?




APPENDIX C
(continued)

EI\HD C col. 1-7 sam~ anq P‘_I E] Ct
22. Have you taxen op any

since your last visait?
I:] !_—__:] new activities
no yes o R
cA [A3¢

new hobbies or recreational activities

To be qudied by quesionnaire giver:

1s Lhls a noirce relevant activity? [:j [ l cu-11

no v es F[dq
23, Since your last visit, have you uscd or loen arcund power tools

for more than a tcotal of about one hour 1n six months?
(e.g., drills, saws, sanders, grinders, ctc.)

o hours near
D I | (1 = yes 0= no) ¥°°

since last
no

- —_— or no
s

. visit
¢’ ¢ a clectric tools (drills, saus,
/ sanders, grass edgers, cte.) c15-117
M;J_lc b arinders ¢13-20
3 ¢ gas lawnmewers, edgers, ectc. c21-23
d chain saws Ca~ 2L
e other FIGJ | car1-14

specify

24, Since your last visit, have you used farm machinery or heen close
Y Y

by when it wvas operating? (e.g., tractors, combincs, etc.)

D E——] a) Tractors or combines

no . Less than 1 hr/mo C32 0
¢30 C)?z‘l 1-8 hrs/mc (up to 2 hrs/wk) ¢33 |
2-10 hys/wk _lead 3
MHore than 10 hrs/wk lcas M
7S b) Other mator driven farm eoquipment [3034 F/a(]
specify B

25, Has your varticipation in
Since your lart wissit,
more than a tov hours?

visit?
what sports have you patrticipated in for

sports alteved since yore lact

a) none ] 37
W) quwimming jeas
) baseball B ¢ 3q
d) football | ens
) snccer b
1) bassethball o
aY 1w laing 1 c L
W) broyeling e
V) tennia ey
v boreeback yiding | ave

LY ayrnastacs
1) otheyp
f‘.lm(.‘i fy._




APPENDIX C
(continued)

26. Since yonr lagst visit, have you worn hearing protectors for any
reason other than shooting?

[::] f*'] £l worn proteotors
- - "? 2) when driving tractor or mowing || €514
no T
-~ 3 b)) When noar power tools or
¢ g . rn
other wachinery _|lesa
c) Othor _1¢s53

specify

Qtological tivstory

27. Since yeouar lact visit, have you noticed a tempeorary or
perranen’ of unge oo oany reason in ycour ability to hear

or understand sipobon words?

[::] ["] a) Vhere did this trcuble occur most often?
— ;* at homwas C5¢
. o .
at scho < 37
csd 55 ) chool b)
at work C58
other C 59

specify
b) Cause of chanage:
illress (earaches, stopped

up cars, ctc.) _| ¢ces
accident _jcét
other cén
specify

28. Since ycur last wisit, have you had any roaring or ringing
in your ears?

E:] r—1 a) roaring {i% Co65
. ringing 1 cée

no yes

(% et b) right car cut
left car et

c) frequency
once
2-5 times
more than 5 times

d) duration
less than 45 minutes
1-12 hours
about 1 day
rore thon a day

e) did you o to a doctor anl’/or
recelve treatment?

I

no o
Co <l
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| APPENDIX C
(continued)
.
, [CARE D col. 1-7 sarc s (] [L] o2
29. since your last visit, have you had any caraches, ear infections,
. running ears?
, E:I D a) which?
: ho  ves car infection j Tty
s D4 bio ear ache _lvin
i runnling ears oy
b) Which ear{s)? .
right | pid
: left | a5
c) Frequency
‘, once : Di6
2~5 times 1oy
more than 5 L _{DIF
d)} Duration
less than a day D14
2-4 days _jpao
4-7 days Dal
! more than 1 weel Dan
; e) Did you go to a doctor and/or
o receive treatment?
| (]
‘ no %l
: a3 Das
REMINDER NON-FFELS ONLY
D. General Hoalth
30) Since your last visit, which of the following probklems have you
. been bothered by? .

a) high blood pressure _| D&y
L) diabetes | Dak
¢) allecrgy _{cal
d) sore throat _Iba¥f
¢) munps B R
f) encephalitis —|D 3
g) meningitis o |3l
h) high fever (> 1037) _| a3
i} excessive mouth breathing | | pc3y
j) sinusitis (| D34

milad P35

mode.ate Vlin

scvere 037

k) diuzy spells
occasional (1/6 mo.)
freqquent (1/month)
very frequent

(more than 1l/month)
1) none of th: above DHL
m} any other hecalth problem

not mentioned above D l,__l D N -H4

no yes

Dt
D 239
D 4D
v

explain
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APPENDIX C
(continued)

@ Since your last visit, have you been hospitalized?

[:] D a) For what ond how long?
no

yes

D5 46
Since your last visit, have you had any of the following
medications?

a) Streptomycin e
b) Neomycin _loH%
c) Kanomycin _|vHa
d) Quinine D50

e) Large amounts of aspirin
(more than 8 in a day or
20 in"a week) E]'Dﬂ
f) none of the above DA
@ Are there any cther medications that you have taken regularly
since your last wvisit?

[:l D a) What and how much?

no yes
153 LS4 o ] .
Since your last visit, have you been unconscious {either
knocked out, fainted, blacked out, seisure, ctc.)?

f—] [:l a) How many times D‘DS"

b) wWhat was the cause cach time?

'D;5 ’Dzzs accident "ok
fainting |59
scisure D 60

c) How long were you unconscious cach time?

a few seconds D by
less than a minute v L
5 minutes to an hour a3

more than an hour 1 b4
@ Since your last visit have you had any vision or hearing
problems resulting from an illness or an accident?

D [:] D L5-06 a) What?

no yes
(Girls only) When did you have your first prriod?
month o &y
year D 69-70
not yet 131
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37 [filyou tffj a bus to school?

0
no

073
yes

a) One way?

b) Both aays?

c) Kumber of days cach week?

d) About how long does the bus
ride last one may? (mins,)

151

APPENDIX C
{(continued)
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1)
2)
3)
4)

5)

6)

7}

8)

9)

without hearing gun score

AULDITIONAL SCORES DERIVED FROM THE
INTERVAL  AUDIOMITRY QUESTIONNAIRE (appendix 3)

EVIHT SCORE: The number of events a child cxperienced

vhiich are thoniht te be particularly
important in their noise exposure.

Maximum poscible = 9

Those scored:

9b lives under a flight pattern (col. A 35}
10 listens tu TV loudly (col. A 40}
1lc listens to music loudly (col. A 56)
12a plays an amplified instrument ‘col. A 64)

15 has becen around motorcycles
mdtorboats, drag racing, etc. (col. B 17)

16 has playcd with explosive devices

or gas engines (col. B 28)
18 has fircd or been around someone
else firing a gun (col. B 43)
23 has uscd or been around power tools {col. C 14)
24 has used or been close to
farm machtnery (col. C 31)

GUN_SCORE: Score to identify those who might have
been exposed Lo unusual noise due to
guns or shooting.

-~ if item 18 (col. 43) is yes

#

10-865(1)*B60(1} + 10log BS57-59

protectors

with hearing gun score

]

10-B65(1)*B61(0.1) + 10log B57-

protectors
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' APPENDIX D
' (continued)
.
3. CHAIN 5AW SCORE: To identify these who have becn
: close to or have operated chain
' saws
if ¢ 24 mark yes
1
' Score = 10 + 10gC25-25.
i
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